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ANTITOXIN. 

ONE  of  the  earliest  empiricisms  with  regard  to  com¬ 
municable  diseases  affecting  men  and  animals  was 
the  knowledge  that  some  do  not  affect  certain  species  or 
certain  ages,  and,  further,  that  some,  like  smallpox,  scarlet 
fever,  etc.,  attack  an  individual  generally  once  only. 
Medical  science  has  for  generations  expressed  these  facts 
in  terms  which  are  familiar  to  everybody,  though  their 
exact  nature  remained  unknown.  The  terms  that  were 
and  are  still  used  in  a  technical  sense  for  indicating  that 
a  particular  individual  is  not  attackable  by  a  particular 
disease,  are  “lack  of  predisposition,”  “unsusceptibility,”  or 
“immunity”.  This  phraseology  went  further,  and  dis¬ 
tinguished  natural  or  congenital  or  spontaneous  immunity 
from  “  acquired  immunity”  ;  the  latter  indicating  that,  owing 
to  having  passed  through  one  attack,  the  individual  is  now 
possessed  of  immunity  against  the  particular  disease.  But  it 
is  obvious  that  these  terms  are  merely  paraphrases  of  condi¬ 
tions  that  are  patent  to  every  one,  and  are  no  more  or  no  better 
understood  whether  used  by  laymen  or  in  a  technical  sense. 

After  Pasteur  showed  that  various  fermentative  changes, 
such  as  the  alcoholic  fermentation,  acetic  acid  fermentation, 
the  conversion  of  urea  into  ammonium  carbonate,  are  due  to 
the  activity  of  specific  microbes — yeast  cells,  bacterium  aceti, 
or  micrococcus  urese  respectively — the  infectious  diseases 
were  likewise  assumed  to  be  comparable  to  specific  fermen¬ 
tative  processes,  caused  in  the  infected  body  by  the  specific 
microbes  ;  and,  further,  the  nature  of  natural  unsuscepti¬ 
bility  and  acquired  immunity  began  to  be  discussed.  One 
of  the  earliest  theories  concerning  this  subject  took  its  basis 
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from  the  assumed  analogy  between  fermentative  processes 
and  infectious  diseases,  and  stated  that,  just  as  in  the  alco¬ 
holic  fermentation  the  yeast  cells,  that  is  the  specific  microbe, 
require  for  their  life  and  action  the  presence  of  sugar,  so  also 
in  the  infectious  diseases  the  presence  in  the  body  of  special 
substances  required  by  the  particular  microbe  is  an  essential 
element  :  without  them  the  microbe  cannot  live  and  thrive, 
and  cannot  produce  the  disease. 

This  theory  further  assumed,  as  a  necessary  corollary, 
that  during  the  progress  of  the  disease  the  fermentative 
substance  becomes  consumed,  and  as  soon  as  this  stage  is 
reached  the  disease  comes  to  an  end  ;  as  long  as  the 
exhaustion  of  the  fermentable  substance  lasts  the  body 
is  unsusceptible  to  further  attack.  This  explanation  of 
acquired  immunity  is  generally  spoken  of  as  the  exhaustion 
theory.  We  know  now  that  this  theory  is  not  borne  out 
by  direct  evidence,  moreover  it  is  definitely  contradicted  by 
fact.  The  infectious  diseases  are  not  comparable  to  fer¬ 
mentative  changes,  such  as  the  alcoholic  or  acetic  fermen¬ 
tation,  and  we  also  know  that  acquired  immunity  is  not  due 
to  exhaustion  and  removal  by  the  specific  microbe  of  some 
necessary  ingredient  from  the  tissues  during  the  first  attack. 

Klebs  first  formulated  a  further  theory,  which  is  known 
as  the  antitoxin  or  antidote  theory  ;  this  theory  explained 
acquired  immunity  by  saying  that  during  the  life  and  multi¬ 
plication  of  the  microbes  within  the  infected  body — that  is, 
during  the  attack  of  the  disease — these  microbes  produce 
chemical  substances  which  are  poisonous  to  the  microbes 
themselves  and  their  products,  so  that  by  the  accumulation 
of  these  antitoxins  in  the  infected  body  the  disease  comes 
to  an  end,  and  reinfection  by  the  same  microbes  is  pre¬ 
vented  as  long  as  these  antitoxins  remain  in  the  body.1 
We  shall  presently  see  that  recent  experimental  research 
has  shown  that  this  explanation  of  acquired  immunity  is  the 
correct  one,  although  it  ought  to  be  stated  that  the  view 

1  In  my  book,  Micro-organism  and  Disease ,  3rd  edition,  1886,  I  have 
in  chapter  xx.  fully  considered  and  supported  this  theory,  and  have  pointed 
out  that  natural  immunity  and  acquired  immunity  are  carefully  to  be  dis¬ 
tinguished  from  one  another,  a  conclusion  to  which  also  Buchner  arrived 
within  recent  years. 
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formulated  by  Klebs  was  purely  and  simply  speculation,  for 
which  no  direct  proof  had  been  furnished  by  him. 

Experimental  research  has  established  that  the  patho¬ 
genic  microbes  produce  in  the  animal  body,  as  also  in 
artificial  media  of  definite  composition,  poisonous  principles 
-toxins,  which  differ  from  one  another  in  physiological 
action,  and  which  are  the  immediate  cause  of  the  disease 
symptoms.  These  toxins  have  been  studied  by  Hankin, 
Sydney  Martin,  Roux  and  Yersin,  Fraenkel  and  Brieger, 
Behring  and  Kitasato,  Tizzoni,  and  others,1  and  these 
observers  have  contributed  a  large  amount  of  exact 
knowledge  as  to  the  specific  and  different  chemical  and 
physiological  nature  of  the  toxins  produced  by  different 
pathogenic  bacteria.  And  although  much  remains  still 
unknown  concerning  their  chemical  nature,  a  good  deal  of 
advance  has  nevertheless  been  made  already.  Thus  Roux 
-  and  Yersin  have  shown  that  the  toxin  produced  in  broth 
cultures  of  the  diphtheria  bacillus  is  of  the  nature  of  a  fer¬ 
ment,  which  injected  as  pure  toxin  (separated  from  the  bacilli) 
sets  up  the  same  typical  disease  and  death  as  the  injection 
of  the  bacilli.  In  the  former  case  the  disease  is  produced 
as  it  were  at  the  outset  by  the  injection  of  the  ready-made 
toxin,  in  the  latter  the  injected  bacilli  multiply  within  the 
body  and  therein  gradually  produce  the  toxin.  Sydney 
Martin  has  extended  this  to  a  considerable  degree,  by 
showing  that  in  the  affected  human  body  the  toxin 
(ferment)  is  actually  present,  and,  further,  that  this  ferment 
leads  to  profound  changes  in  certain  tissues,  whereby  albu- 
moses  and  alkaloids  as  secondary  poisons  are  generated. 

Hankin  showed  that  when  anthrax  bacilli  multiply  they 
produce  in  the  medium  in  which  they  grow  (fibrine)  poi- 

1  Hankin,  Anthraxalbumose,  Brit.  Med.  Journal,  vol.  ii.,  1890,  p.  810. 

Sydney  Martin,  Chemical  Pathology  of  Anthrax,  Report  of  Med.  Off. 
of  Loc.  Gov.  Board ,  1889-1890;  Chemical  Pathology  of  Diphtheria,  Ibid., 
1890-1891. 

Roux  and  Yersin,  Contributions  a  l’etude  de  la  diphtherie,  Annates 
de  VInstitut  Pasteur ,  vols.  ii.,  iii.,  and  iv. 

Fraenkel  and  Brieger,  Bert.  Klin.  Woch .,  Nos.  11  and  12,  and  No. 
49,  1890. 

Behring  and  Kitasato,  Diphtherie  und  Tetanusimmunitat,  Deutsche 
med.  Woch.,  1890,  No.  49. 

Kitasato,  Ueber  das  Tetanusgift,  Zeitschr.  f.  Hygiene,  x.,  2. 
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sonous  albumoses,  while  Sydney  Martin  proved  that  specific 
albumoses  and  alkaloids  are  produced  in  the  animal  body 
by  the  multiplication  of  the  bacilli.  Kitasato  studied  the 
tetanus  toxin,  and  found  that  it  is  of  a  specific  nature. 

A  further  important  contribution  was  made  by  showing 
that  by  repeated  injections  of  small  non-fatal  doses  of  pure 
toxin,  or  of  larger  doses  of  weakened  toxin  (the  effect  of 
weakening  being  caused  by  the  addition  of  various  chemical 
substances  or  by  heating),  an  otherwise  susceptible  animal 
may  be  furnished  with  gradually  increasing  resistance,  not 
only  against  fatal  doses  of  toxin  but  of  the  bacilli  them¬ 
selves.  That  a  high  degree  of  resistance  or  tolerance 
amounting  in  some  cases  to  immunity  can  be  produced  in 
otherwise  susceptible  animals  by  the  injection  of  attenuated 
living  bacilli  dates  back  to  the  researches  of  Pasteur  on 
protective  inoculations  against  anthrax  and  against  fowl 
cholera,  and  this  principle  has  been  applied  to  various  other 
infectious  diseases  by  many  subsequent  observers.  Now, 
with  regard  to  tetanus  and  diphtheria,  the  observations  of 
Behring  and  Kitasato,  Fraenkel  and  Brieger,  Roux 
and  others  have  established  that  by  injecting  animals 
repeatedly  with  gradually  increasing  amounts  of  either 
attenuated  culture,  or  with  (non-fatal)  small  doses  of  pure 
toxin,  or  with  larger  doses  of  weakened  toxin — produced  by 
the  microbe  of  tetanus  or  diphtheria  respectively  in  artificial 
culture — a  high  state  of  tolerance  can  be  ultimately  achieved 
whereby  these  animals  become  possessed  of  immunity. 
And  it  appears  as  a  further  result  of  these  observations, 
particularly  those  of  Behring  and  Kitasato,  Roux  qnd 
Vaillard,  Roux,  ( i)  that  the  amount  of  attenuated  culture  or  of 
toxin  required  for  each  injection  stands  in  indirect  proportion 
to  the  initial  susceptibility  of  the  animal  experimented  upon, 
and  (2)  that  the  degree  of  resistance  thus  acquired  is  con¬ 
siderable  in  tetanus  and  soon  reached,  while  in  diphtheria  it 
is  reached  only  slowly,  after  a  large  number  of  preliminary 
injections,  and  is  at  no  time  of  the  nature  of  absolute 
immunity,  though  its  degree  increases  as  the  injections 
increase  in  amount  and  number.  Thus,  for  instance,  in 
Roux’s  experiments,  it  is  shown  that  a  horse,  even  after  it 
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had  been  successively  injected  a  great  many  times  (more 
than  twenty  or  thirty  times)  with  pure  diphtheria  toxin,  con¬ 
tinues  to  react  to  every  injection  as  much  as  at  the  earlier 
stages,  provided  the  dose  injected  be  gradually  increased. 

The  most  important  result,  however,  of  the  observations 
on  producing  artificial  immunity  was  the  one  elucidated  by 
Behring1  and  his  collaborators;  viz. ,  that  the  blood  and 
blood  serum  of  the  immunised  animals  (diphtheria  and 
tetanus)  when  injected  in  certain  proportion  into  otherwise 
susceptible  animals  furnishes  these  latter  with  immunity, 
and  more  than  that,  is  capable  of  arresting  and  curing  the 
disease  in  the  already  infected  animal.  These  classical 
experiments  of  Behring  and  his  collaborators  on  artificial 
immunisation,  and  of  using  the  blood  serum  of  the  immunised 
animals  as  protective  and  curative  ( Heilserum )  agents 
( Serumtherapie )  form  the  basis  of  all  subsequent  observations 
on  antitoxin  treatment  in  diphtheria  and  tetanus,  and  without 
in  the  least  degree  wishing  to  minimise  the  merits  of  the 
contributions  of  various  observers  like  Babes  (in  rabies), 
Tizzoni  and  Cettani  (tetanus),  Roux  and  Martin  (diphtheria),2 
it  is,  I  think,  admitted  that  to  Behring  belongs  the  credit  of 
having  fully  grasped  the  meaning  of,  and  established  on  a  firm 
experimental  basis,  the  facts  concerning  artificial  immunisa¬ 
tion  against  tetanus  and  diphtheria,  and  the  use  of  blood 
serum  of  the  immunised  animals  both  as  protective  and 
curative  agents.  In  addition  to  this,  Behring  has  clearly 
established  that  the  blood  serum  of  an  immunised  animal 
owes  its  antitoxic  power  to  chemical  substances  ;  that  these 
are  present  dissolved  in  the  blood,  as  such  and  not  as  cellular 
bodies  ;  that  their  action  takes  place  outside  (in  vitro )  as 
well  as  in  the  body  of  an  animal  ;  and  that,  therefore,  the 
production  of  acquired  immunity,  i.e.,  the  presence  of 
antitoxin  in  the  blood,  has  nothing  and  can  have  nothing 
to  do  with  mechanical  phagocytosis  as  advocated  by 

1  Behring,  Die  Blutserumtherapie  bei  Diphtherie  und  Tetanus,  Zeitschr. 
f.  Hygiene,  xii.,  p.  i. 

.  Behring  and  Knorr,  Ueber  den  Immunisirungswerth  u.  Heilwerth 
des  Tetanusheilserums  bei  weissen  Mausen,  Zeitschr.  /.  Hygiene ,  xiii. 

2  Tizzoni  and  Cettani,  La  Rif.  med.,  1893,  No.  131. 

Roux,  Annates  de  V Institut  Pasteur ,  Septembre,  1894. 
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Metschnikoff  and  his  pupils.  The  antitoxin  serum  acts 
antagonistically  against  the  toxin  in  corpore  or  in  vitro  on 
lines  and  principles  determined  by  quantity;  so  that  the  whole 
theory  of  mechanical  phagocytosis  of  Metschnikoff  has  be¬ 
come  superfluous  as  far  as  acquired  immunity  is  concerned. 
When  an  animal  is  rendered  immune  either  by  repeated 
injections  of  attenuated  culture  or  by  small  (non-fatal)  doses 
of  toxin  the  result  is  always  the  same  ;  viz.,  the  appearance 
in  the  blood  of  chemical  substances  (antitoxin)  ;  such  a 
condition  ol  the  blood  or  blood  serum  becomes  established 
and  can  be  further  used  both  protectively  and  curatively 
without  any  phagocytic  interference.  In  the  case  of  acquired 
immunity  produced  by  toxin  injection,  the  action  of 
phagocytes,  that  is,  of  cells  swallowing  bacteria,  is  a  fortiori 
out  of  place,  because  no  bacteria  at  all  are  introduced  ;  the 
curative  action  of  antitoxin  serum  in  tetanus  and  diphtheria 
deals  with  the  neutralisation  of  toxin  that  had  been  formed 
and  is  circulating  in  the  tissues  of  the  infected  body,  and 
therefore  also  in  this  the  swallowing  up  and  destroying  of 
bacteria  has  no  place. 

I  he  manner  in  which  in  acquired  immunity  the  antitoxic 
condition  of  the  blood  is  brought-  about  is  not  known. 
There  exist  theories  only  on  this  subject ;  thus  Buchner 
inclines  to  the  view  that  the  toxins  themselves,  produced 
by  the  specific  bacteria  in  the  infected  body,  become  by  the 
action  of  the  tissues  converted  into  antitoxins  ;  whereas 
Behring  and  also  Roux  ascribe  the  production  of  antitoxin 
to  the  tissues  themselves,  these  latter  being  stimulated  Nby 
the  toxins  and  thus  produce  or  secrete  the  latter  as  a  sort 
of  self-defence.  As  a  matter  of  fact  in  the  production  of 
diphtheria  antitoxin  of  gradually-increasing  potency  in  the 
horse  (Roux),  this  latter  has  to  be  injected  with  gradually 
increasing  quantities  ol  pure  toxin  in  order  to  produce 
further  reaction  in  the  animal :  tumour  and  rise  of  tem¬ 
perature.  1  his  clearly  points  to  a  stimulation  of  the 
tissues  in  the  production  of  the  antitoxin. 

All  who  have  worked  on  this  subject  agree  with 
Behring  that  the  higher  the  degree  of  immunisation  in 
diphtheria,  that  is,  the  greater  the  number  of  injections  and 
the  greater  the  amount  injected,  the  higher  the  potency  of 
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the  antitoxic  condition  of  the  blood.  This  latter  is  esti¬ 
mated  and  tested  by  Behring  and  also  by  Roux  by  the 
neutralising  action  it  possesses  on  diphtheria  toxin.  A 
toxin  is  prepared  of  a  given  strength — determined  by  the 
amount  required  to  kill  within  thirty  hours  a  given  weight 
of  guinea-pigs — of  this  a  tenfold  fatal  dose  is'injected  into 
each  of  a  series  of  guinea-pigs,  and  subsequently,  about  six 
hours  later,  a  definite  amount  of  antitoxin  serum  is  injected 
into  each  animal  ;  that  serum  which  in  a  given  dose  is  capable 
of  neutralising  the  toxin,  i.e.,  capable  of  preserving  the 
animal,  is  evidently  of  higher  potency  than  the  serum  of 
which  a  larger  dose  is  required  ;  or  the  serum  of  which  a 
given  quantity  can  neutralise  a  larger  amount  of  toxin  is  of 
higher  potency.  Now,  as  regards  the  application  of  such 
standards  to  the  use  of  the  antitoxin  serum  in  the  treatment 
of  diphtheria  in  the  human  subject,  it  must  at  the  outset  be 
confessed  that  there  is  little  to  guide  us  in  the  matter,  for 
in  a  case  of  human  diphtheria,  in  which  the  serum  is  to  be 
used,  the  amount  of  toxin  circulating  in  the  body  is  an  alto¬ 
gether  unknown  quantity  ;  whether  comparatively  or  abso¬ 
lutely  it  is  as  great  or  greater  than  a  tenfold  fatal  dose  in  the 
guinea-pigs  of  a  given  weight,  whether  it  is  greater  in  a 
severe  case  than  in  a  mild  case  of  diphtheria,  are  matters 
about  which  no  data  exist.  All  that  can  be  said  is  that  the 
greater  the  antitoxic  potency  of  the  injected  serum,  the  more 
likely  is  it  that  it  will  be  capable  of  neutralising  the  toxin 
already  formed,  or  likely  to  be  formed,  by  the  still  active 
diphtheria  bacilli. 

There  is  one  aspect  of  the  subject  which  requires 
consideration,  and  which  in  the  methods  of  production  of 
antitoxin  by  Behring  and  by  Roux  does  not  seem  to  have 
been  sufficiently  taken  account  of.  It  is  this  :  under 
natural  conditions,  when  an  animal  or  human  being  has 
passed  through  one  attack  of  an  infectious  disease  and  has 
thereby  acquired  resistance  amounting  in  some  instances  to 
an  almost  complete  immunity,  this  condition  of  resistance 
or  immunity  is  brought  about  by  the  activity  of  the  specific 
microbes  ;  these  during  their  life  and  multiplication  in  the 
infected  body  eventually  cause  the  accumulation  of  the 
specific  antitoxins  in  the  blood  and  tissues.  Now,  the 
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question  that  presents  itself  here  is  this  :  is  this  production 
of  immunity  due  solely  to  the  formation  of  antitoxin,  due  to 
stimulation  by  the  toxins  elaborated  by  the  microbes  in  the 
body,  or  is  it  also  due  to  the  presence  of  substances  derived 
from  the  microbes  themselves  ?  As  the  disease  passes  off 
the  microbes  themselves  degenerate  and  disappear  as  such, 
and  subsequent  infection  of  the  body  with  the  microbes 
does  not  succeed  at  all,  as  in  complete  acquired  immunity, 
or  succeeds  only  partially  and  after  large  doses,  as  in 
moderate  degrees  of  acquired  resistance.  It  stands  to 
reason  that  the  substance  of  the  degenerating  bacterial 
bodies  contributes  something  towards  the  acquired  re¬ 
fractory  state  of  the  blood  and  tissues,  and  as  a  matter  of 
fact  it  has  been  shown  (Klein,  Sobernheim)  that  the 
substances  of  bacteria  (intracellular  substances)  possess  in 
sufficient  doses  an  inhibitory  action,  .inasmuch  as  they  are 
capable  of  furnishing  the  tissues  with  a  refractory  power 
against  the  subsequent  growth  and  multiplication  of  the 
microbes.  The  assumption,  therefore,  that  the  presence  of 
bacterial  intracellular  substances  in  the  blood  and  tissues  of 
an  animal,  after  the  disease  has  passed  and  after  the  bacteria 
that  caused  the  disease  had  degenerated,  plays  some  part  in 
the  condition  of  resistance  against  a  subsequent  invasion 
and  multiplication  of  the  specific  bacteria,  is  at  least  a 
justified  one.  Fraenkel  showed  that  in  cultures  of  diphtheria 
bacilli  there  are  two  substances  present :  one  the  toxin 
destroyed  by  heating  to  6o-joJ  C.,  and  another  the 
immunising  substance  not  destroyed  at  6o°-yo°  C.  ;  it  is  quite 
feasible  to  assume  that  this  latter  owes  its  origin  to  and  is 
identical  with  the  bacterial  substances  themselves  ;  moreover 
he  showed  that  if  a  culture  be  heated  to  6o-jo°  C.  (whereby 
the  toxin  is  destroyed),  and  then  injected  in  sufficient  quan¬ 
tities  subcutaneously  into  the  guinea-pigs,  these  latter,  after 
the  lapse  of  at  least  fourteen  days,  are  protected  against  a 
second  injection  with  a  fatal  dose  of  living  bacilli.  The  lapse 
of  at  least  fourteen  days  is  very  suggestive  for  the  above-ex¬ 
pressed  view,  that  the  bacteria  eventually  yield  substances 
which  form  one  of  the  elements  of  the  immunising  action. 

When  an  animal  acquires  resistance  by  repeated  injec¬ 
tions  with  gradually  increasing  doses  of  diphtheria  toxin, 
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its  blood  becomes  charged  with  antitoxin  of  gradually 
increasing  potency  (Behring,  Roux),  so  that  the  true  anti¬ 
toxic  condition  of  the  blood  of  such  an  animal  can  only  be 
due  to  the  action  of  that  toxin  ;  but  an  animal  is  also 
furnished  with  resistance  by  repeated  injections  of  living 
bacilli  in  gradually  increasing  amounts  and  virulence  ;  in  this 
process  antitoxin  is  formed  indirectly  by  the  multiplying  and 
toxin-producing  bacilli,  but  in  addition,  when  the  bacilli 
cease  to  multiply  and  become  degenerated,  immunising 
substance  derived  from  the  bacterial  bodies  becomes 
available.  The  total  amount  of  these  latter  would  determine 


the  amount  of  immunising  substance,  and  would  of  course 
depend  on  the  total  amount  of  bacteria  that  had  been 
injected  in  the  various  operations,  just  as  the  amount  of 
antitoxin  depends  on  the  amount  and  degree  of  potency  of 
the  stimulating  toxin  injected. 


Considerations  like  these  have  led  me  to  immunise 
horses  against  diphtheria  by  injecting  them  repeatedly  with 
large  doses  of  living  bacilli  of  increasing  virulence,  and 
thereby  blood  serum  has  been  obtained  which  when  tested 
on  the  guinea-pig  has  a  powerful  immunising  (protective  and 
curative)  action  on  otherwise  fatal  doses  of  living  bacilli. 
The  serum  of  such  horses  possesses,  in  addition  to  antitoxin, 
substances  which  act  powerfully  on  the  living  bacilli.  True, 
the  antitoxin  is  not  of  such  potency  as  can  be  got  by  long- 
continued  injection  of  large  doses  of  pure  toxin,  as  in  the 
animals  prepared  by  Behring  and  Roux  ;  the  immunising 
action  of  the  serum  obtained  by  the  former  methods  is  the 
conspicuous  part,  but  there  is  also  antitoxin  present,  since  the 
living  bacilli  at  each  injection  cause  by  their  multiplication 
toxin  :  rise  of  temperature  and  tumour.  That  the  presence 
of  immunising  substances  is  important  in  protective  inocula¬ 
tions  has  been  already  mentioned  ;  it  now  only  remains  to 
draw  attention  to  the  part  they  play  in  the  curative  pro¬ 
ceeding,  for  it  must  be  obvious  that  the  introduction  of 
sufficient  amounts  of  immunising  substances — which  have 
been  shown  to  act  specifically  against  the  living  bacilli — 
into  the  system  of  an  animal  and  man  subject  to  diphtheria, 
i.e .,  in  which  the  living  bacilli  are  still  multiplying  and 
producing  toxin,  must  materially  accelerate  the  time  in 
which  the  life  of  the  bacilli  is  brought  to  a  standstill,  and  the 
production  of  toxin  arrested  ;  that  is  to  say,  the  disease  is 

cutshort-  E.  Klein. 
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FOREIGN  workers  amongst  the  older  rocks  have 
written  a  number  of  books  and  papers  published 
during  the  earlier  part  of  the  year  1894.  Much  of  the 
literature  consists  of  a  description  of  local  details,  more  or 
less  valuable,  which  will  eventually  be  fitted  into  their  places 
in  the  great  geological  puzzle,  though  at  present  they  lie 
unused,  as  their  connection  with  those  parts  of  the  puzzle 
which  ..have  been  pieced  together  cannot  be  traced.  In 
other  papers  we  find  pieces  which  can  be  fitted,  and  in 
others  again  evidence  of  pieces  formerly  supposed  to  have 
been  assigned  to  their  right  positions  which  must  be  re¬ 
moved  and  placed  elsewhere. 

The  work  here  noticed  is  concerned  with  Precambrian 
and  Palaeozoic  rocks.  The  principal  task  amongst  the  former 
rocks  is  the  gradual  removal  of  rock-masses  from  the  group 
of  rocks  whose  origin  is  unknown  to  that  whose  mode  of 

o 

production  is  known  or  inferred.  The  work  in  the 
Palaeozoic  rocks  is  instructive.  Detailed  work  again  and 
again  proves  the  value  of  fossils  as  means  of  identifying 
strata,  and  clears  up  difficulties  that  have  arisen  from  too 
hasty  examination  of  strata,  whilst  as  a  result  of  rapid  work 
we  are  furnished  with  new  difficulties,  explained  away  by 
the  handy  theories  of  colonies  and  migrations.  As  the 
laborious  worker  in  a  district  of  a  few  score  square  miles 
breaks  down  case  after  case  upon  which  the  advocates  of 
these  convenient  “  refuges  for  the  stratigraphic  destitute, ” 
as  they  have  been  termed,  rely,  the  lightning-stratigrapher, 
traversing  half  a  continent,  produces  fresh  instances,  which 
will  in  turn  doubtless  disappear.  Whilst  alluding  to  this 
subject  it  is  satisfactory  to  call  attention  to  a  remark  made 
by  Sir  William  Dawson  showing  that  plants,  as  well  as 
animals,  when  properly  studied,  give  no  countenance  to  the 
existence  of  anomalous  “colonies”.  He  says  (1):  “Each 
geological  period  was  sufficiently  long  to  permit  plants  to 
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migrate  to  every  station  they  could  occupy,  and  in  every 
case  the  temporary  and  local  climate  must  be  indicated  by 
the  local  flora,  while  the  succession  in  any  one  place  may  be 
relied  on  as  holding  good  over  a  very  extensive  area”. 
Geologists  may  be  congratulated  on  having  the  length  of 
geological  periods  insisted  on  by  so  eminent  a  writer  in 
connection  with  this  very  question,  for  the  reluctance  of 
men  of  science  to  accept  the  contemporaneity  of  wide¬ 
spread  deposits  is  undoubtedly  due  to  their  inability  to 
grasp  the  idea  of  geological  time  as  indicated  by  geological 
data,  and  the  tendency  to  take  their  time  from  the  astrono¬ 
mer  and  physicist.  When  premature  attempts  to  speak  of 
geological  time  in  terms  of  thousands  or  millions  of  years 
are  abandoned,  so  much  the  better  for  the  science. 

In  noticing  the  work  done  amongst  the  older  rocks 
abroad,  it  will  be  convenient  as  before  to  take  them  in 
order  of  antiquity,  beginning  with  the  oldest,  but,  before 
doing  this,  attention  must  be  called  to  certain  works  treating 
of  deposits  of  many  ages,  or  bearing  upon  general  ques¬ 
tions.  As  I  had  occasion  in  a  former  article  to  write  at 
some  length  upon  the  discoveries  recently  made  amongst 
the  older  rocks  of  India,  it  is  only  necessary  to  mention  that 
a  full  account  of  the  older  as  well  as  the  newer  rocks  of 
India  appears  in  the  new  edition  of  the  Geology  of  India 
(2),  which  was  received  in  this  country  in  1894.  The 
editor  devotes  a  chapter  (chap,  viii.)  to  the  vexed  question 
of  the  age  of  the  Gondwana  series,  and  is  able  to  compare 
the  beds  of  India  with  those  of  Africa  and  Australia. 

An  interesting  paper  by  M.  Marcel  Bertrand  (3)  treats 
of  the  Palaeozoic  and  Tertiary  synclinal  folds  affecting  the 
French  rocks.  This  author  announced  about  two  years 
ago  the  existence  of  two  fundamental  laws  of  the  deforma¬ 
tion  of  the  earth’s  crust.  First,  that  the  foldings  always 
follow  the  same  lines  ;  and  second,  that  these  lines,  how¬ 
ever  varied,  form  on  the  whole  a  right-angled  network  of 
parallels  and  meridians.  In  the  present  paper  he  supports 
these  laws  by  reference  to  a  geological  map  ot  F  ranee, 
showing  the  trend  of  the  Palaeozoic  and  Tertiary  synclinal 
axes.  He  also  discusses  the  relation  of  the  distribution  and 
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variations  in  the  characters  of  sediments  to  the  lines  of 
folding.  As  will  be  noted  in  a  future  article,  the  enuncia¬ 
tion  of  these  laws  is  of  interest  as  bearing-  on  the  distri- 
bution  of  coal  beneath  the  newer  rocks  of  South-eastern 
England. 

The  Carnic  Alps  are  the  subject  of  two  memoirs  (4,  5), 
of  which  the  first  is  a  continuation  of  a  part  previously  pub¬ 
lished,  but  the  two  parts  have  been  issued  in  book  form  with 
some  large  extra  geological  maps.  Rocks  belonging  to  all  sys¬ 
tems,  from  Precambrian  to  Permian  inclusive,  are  described. 
The  Silurian  rocks  apparently  resemble  those  of  Eastern 
Bohemia,  and  above  them  a  great  mass  of  Devonian 
limestones  is  developed,  separated  from  the  Silurian  by  a 
marked  change  of  fauna.  The  lower  part  of  this  limestone 
possesses  a  Hercynian  fauna,  the  middle  portion  contains 
the  fossils  of  the  Middle  Devonian  (including  Stringo- 
cephalus),  and  the  upper  portion  those  of  the  base  of  the 
Upper  Devonian.  Here,  as  in  Bohemia,  we  have  the  deep 
water  representatives  of  the  Devonian  period.  The  most 
interesting  feature  of  this  greatly  disturbed  district  is  the  - 
occurrence  of  “  reef-limestones  with  their  accompanying 
breccias,  amongst  the  Devonian  andTriassic  deposits.  An 
admirable  description  of  them  is  given  in  Freeh’s  valuable 
work,  and  no  one  who  is  interested  in  these  very  remark¬ 
able,  and,  at  the  present  time,  much  discussed  structures, 
must  omit  to  study  it. 

Pioceeding  now  to  consider  the  other  writings  in  order 

of  age  of  the  rocks  described,  we  will  commence  with  those 
which  treat  of : — 


A.— PRECAMBRIAN  ROCKS. 

I  he  student  will  do  well  to  consult  a  paper  by  Van 
Hise  (6),  which  is  a  continuation  of  a  former  paper,  and 
contains  abstracts  of  papers  concerned  with  the  Precambrian 
rocks  of  America.  The  most  important  contribution  to  the 
literature  of  these  ancient  rocks  published  during  the  period 
under  notice  is  by  Whittle  (7).  The  geology  of  the  area 
described  herein  (Vermont)  is  of  special  interest,  as  the 
region  is  the  home  of  the  Taconic  controversy,  and  when 


FOREIGN  WORK  AMONGST  THE  OLDER  ROCKS. 


13 


we  remember  the  almost  hopeless  state  of  confusion  into 
which  the  classification  of  the  older  rocks  of  America  was 
thrown  during  the  raging  of  this  controversy,  it  is  a  matter  of 
congratulation  to  find,  as  shown  by  this  and  other  papers  to 
be  presently  noticed,  that  the  strata  of  this  complicated 
region  have  been  reduced  to  order  by  more  detailed  work. 
I  he  author  of  the  present  memoir,  who  notices  the  region 
in  another  paper  (8),  describes  the  structure  of  the  Green 
Mountains  as  consisting  of  “  a  series  of  sharp  compressed 
folds  striking  approximately  north  and  south,  and  overturned 
to  the  west  in  most  localities,  so  that  induced  schistosity 
and  stratification  dip  eastward”.  He  uses  the  now  familiar 
term  “  Algonkian  ”  for  those  Precambrian  rocks  which  lie 
above  the  “  Archaean  ”  rocks,  and  separates  them  into  two 
series,  the  upper  or  Mendon  (which  underlies  the  Olenellus 
quartzite),  and  the  lower  or  Mount  Holly  series.  As  the 
uppermost  rocks  of  the  Mendon  series  consist  of  mica 
schists  succeeded  with  apparent  conformity  by  the  quartzites, 
“  it  must  be  left  for  future  work  to  determine  beyond  dis¬ 
pute  the  relations  of  the  series  immediately  below  the 
Olenellus  zone  to  the  quartzite,  whether  the  rocks  are  con¬ 
formable  or  unconformable ;  if  the  former,  whether  the 
delimitation  of  the  Lower  Cambrian  shall  be  placed  above 
the  mica  schist  or  below  it.  Tentatively,  the  series  just 
below  the  quartzite,  the  mica  schist  at  the  top,  and  the 
conglomerate  at  the  bottom,  will  be  considered  wholly  or  in 
part  of  Algonkian  age.”  The  variations  in  the  characters 
of  the  Mendon  series  are  mainly  of  interest  to  the  petro- 
grapher,  but  where  least  altered,  their  clastic  character  is 
evident,  and  sandstones  and  conglomerates  occur.  In  the 
typical  section  the  series  is  about  1300  feet  thick,  but  in 
the  northern  part  of  the  State  it  is  much  more  developed. 

The  core  of  the  Green  Mountains  is  composed  of  rocks 
belonging  to  the  Mount  Holly  series,  a  more  variable  and 
more  metamorphosed  set  of  stratified  rocks  than  those  of 
the  Mendon  series,  but  “  a  description  of  the  different  con¬ 
secutive  members  of  the  series  cannot  be  given,  as  the 
rocks  are  too  variable  in  character,  and  dynamic  action  has 
involved  them  in  great  complications  Amongst  the 
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altered  sediments  are  gneisses  and  schists  of  unknown 
origin,  and  “  abundant  metamorphic  equivalents  of  old 
basic  igneous  rocks  ”  now  in  the  condition  of  amphibolites. 

The  paper  contains  descriptions  of  the  conversion  of 
clastic  rocks  into  schist  and  gneiss,  including  a  stretched 
“  conglomerate  gneiss  '’  of  which  a  figure  is  given,  recalling 
in  a  marked  degree  some  specimens  of  the  Obermittweida 
Conglomerate  of  Saxony  and  certain  Norwegian  con¬ 
glomerates  described  by  Reusch. 

In  a  paper  by  LI.  Smith  (9)  the  relationship  of  certain 
Precambrian  iron-ore  and  Jasper-bearing  rocks  above  the 
“  Archaean  ”  rocks  is  discussed. 

Since  the  days  of  the  discovery  of  Eozoon  Canadense  the 
search  for  Precambrian  fossils  has  been  zealously  prosecuted, 
but  hitherto  with  unsatisfactory  results,  and  although  we 
are  prepared  any  day  to  hear  of  the  actual  finding  of 
determinable  Precambrian  organisms,  it  is  by  no  means 
certain  that  they  have  yet  turned  up.  These  remarks  are 
suggested  by  a  paper  (10)  announcing  the  discovery  of 
foraminifera  in  the  Precambrian  rocks  of  France.  Tests  ok 
these  organisms  are  stated  to  be  contained  in  quartzites 
and  phtanites  interstratified  with  Precambrian  phyllades  of 
Saint-Lo  (Cotes-du-Nord),  in  which  the  existence  of  radio- 
laria  had  previously  been  announced.  The  age  of  the 
rocks  does  not  appear  to  have  been  disputed,  but  judging 
from  the  cautious  way  in  which  the  supposed  organisms  are 
spoken  of  in  a  review  in  the  Geological  Magazine  for  1894, 
p.  417,  which  gives  evidence  of  having  been  written  by  a 
master  of  the  subject,  their  organic  nature  cannot  be  con¬ 
sidered  established  beyond  doubt,  and  we  still  await  the 
description  of  a  fauna  older  than  that  of  the  Olenellus  beds. 

B.— LOWER  PALAEOZOIC  ROCKS. 

1  wo  papers  by  Walcott  (1 1)  give  additional  information 
concerning  the  Olenellus  beds,  and  further  clear  up  the 
difficulties  which  have  arisen  around  the  “Taconic  Oues- 
bon”.  d  he  correctness  of  the  early  correlations  of  McClure, 
Eaton,  Emmons  and  Rogers  is  established.  Recent  dis¬ 
coveries  show  that  the  basal  sandstones  of  Alabama, 
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Tennessee,  Virginia,  Maryland,  Pennsylvania,  New  Jersey, 
New  York  and  Vermont  were  all  deposited  in  Lower 
Cambrian  times,  and  contain  the  Olenellus  fauna.  The 
overlying  limestones  have  the  Olenellus  fauna  in  their 
lower  portions  in  Vermont,  Eastern  New  York,  New 
Jersey  and  Pennsylvania.  It  is  interesting  to  find  that  these 
limestones  contain  faunas  of  ages  up  to  and  including  the 
Trenton.  It  is  not  clear  at  present  where  the  line  between 
Cambrian  and  Ordovician  should  be  drawn  in  these  lime¬ 
stones.  The  existence  of  many  faunas  in  this  accumulation 
of  clear  water  limestones  is  of  particular  interest  to  British 
geologists  when  it  is  remembered  that  the  Durness  Lime¬ 
stone  of  the  North-west  Highlands  of  Scotland  is  generally 
looked  upon  as  if  belonging  to  the  American  type.  Atten¬ 
tion  may  be  drawn  to  the  adoption  of  the  term  Ordovician 
by  Walcott,  one  of  the  principal  American  authorities  on 
the  Lower  Palaeozoic  rocks.  Its  universal  use  seems  to  be 
but  a  question  of  time. 

A  paper  by  Andersson  (12)  is  of  interest  as  bearing  on 
the  classification  of  the  Lower  Palaeozoic  beds  of  Scan¬ 
dinavia.  He  describes  the  fossils  found  in  loose  blocks  on 

•  • 

the  south-east  of  the  island  of  Oland,  and  places  the  beds 
which  have  yielded  the  blocks  in  the  following  ascending- 
order  :  Mocruruskalk ,  grey  Trinucleus  Shales,  red  ITi nu¬ 
cleus  Shales  and  Limestones,  and  Limestones  with  Leptcena 
Schmidti ,  Tornq,  including  all  in  the  Lower  Silurian 
(Ordovician).  The  position  of  the  Leptcena  limestone  has 
been  disputed,  but  the  accumulation  of  evidence  all  points 
to  the  correctness  of  Andersson’s  grouping. 

A  large  number  of  papers  bearing  on  the  Lower 
Palaeozoic  rocks  are  purely  palaeontological,  many  ol  them 
referring  to  the  trilobites  (13),  and  it  will  be  noted  that 
additional  information  concerning  the  appendages  of  these 
creatures  is  forthcoming.  Simultaneously,  our  knowledge 
of  the  minute  structure  of  the  graptolites  is  increasing  ; 
Wiman  (14)  describes  the  nature  of  certain  Diplograptids 
from  a  fragment  of  the  “  Ostseekalk  ”  of  Bornholm,  dis¬ 
cussing  the  relations  of  the  sicula,  virgula,  and  hydrothecae 
to  one  another,  whilst  all  geologists  will  welcome  Jaroslav 
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Perner’s  first  contribution  towards  the  history  of  the 
Bohemian  graptolites  (15).  This  work  is  a  continuation  of 
Barrande’s  great  work  on  the  Bohemian  Palaeozoic  fauna, 
and  the  appearance  of  the  first  part  containing  a  description 
of  the  structure  of  Monographs  and  Retiolites  illustrated 
by  admirable  plates  augurs  well  for  the  excellence  of  the 
remainder  of  the  work  on  the  graptolites  of  this  classic 
region. 

C.— DEVONIAN  ROCKS. 


Work  on  the  Devonian  rocks  has  been  published  in 
both  Old  and  New  Worlds,  and  the  subjects  discussed  in 
the  papers  are  of  varied  interest. 

Amongst  the  stratigraphical  papers  is  one  by  Penecke 
(16)  which  commences  with  an  account  of  the  literature 
and  a  historical  sketch  of  the  Devonian  of  the  area.  The 
beds  rest  on  Neritenschiefer  and  Crinoidenkalk  of  (Upper) 
Silurian  age,  and  the  following  classification  is  given  in 
ascending  order  : — 


Ouartzitstufe  ( =  F.  of  Bohemia).  .  .  )  Lower' 

Barranclei-schichten  (with  Heliolites  Barrandei).  j  Devonian. 


Kalkschiefer  der  Hubenhalt  (=*■ Cultrijugatus - 
schichten  ?)  .  . 

Calceola- schichten  ..... 

Limestone  with  Cyathophyllum  quadrigeminum 
Goldf.  H ochlautschkalk  (  =  Stringocephalenkalk)., 


Middle 

Devonian. 


Gap. 

Clymenienkalk.  ....  Upper  Devonian. 

The  author  gives  fossil  lists  from  the  different  fossili- 
terous  horizons,  and  a  description  of  new  species. 

Devonian  rocks  are  also  described  as  occurring  in  the 
Isle  of  Elba  (17).  Fossils  were  found  in  1892  in  the 
<  schistes  lustres  of  the  east  coast  of  the  island.  The 
species  are  mostly  new,  but  the  general  character  of  the 
fauna,  which  includes  Hyolithes ,  II  eyrie  hi  a,  Plumulites , 
Goniatites ,  Bellerophon ,  Anthracoptera ,  Myaiina ,  etc.,  in¬ 
dicates  that  the  rocks  are  Devonian,  and  probably  Lower 
Devonian. 
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The  Palaeozoic  rocks  of  Tuscany  can  now  be  divided 
into  : — 

1.  Middle  Silurian  with  Gomphoceras ,  Cardiola ,  etc. 

2.  Lower  Devonian  of  Elba. 

3.  Upper  Coal  Measures  of  Monte  Pisano,  etc. 

I  have  been  unable  to  obtain  access  to  another  paper 
(18)  on  Devonian  rocks  occurring  at  no  great  distance  from 
these. 

Follenius  (19)  describes  a  coal-seam  occurring  in  the 
Upper  Devonian  (Coblenzian)  of  the  Eifel  district.  It 
contains  remains  of  marine  plants — Hahsantes — described 
as  generically  identical  with  Psilopkyton  of  the  American 
Devonian  rocks  and  with  HostineLla  (. Fucoides )  Jiostinensis 
of  the  Etao-e  H.  of  Bohemia.  The  Bohemian  beds  H.  are 
now  generally  admitted  to  be  Devonian,  and  indeed  are 
referred  by  Freeh  to  the  Upper  Devonian,  and  it  is  in¬ 
teresting  to  find  remains  of  this  plant  so  widely  spread  in 
beds  of  this  age.  Another  remarkable  discovery  of  similar 
organisms  in  beds  of  about  the  same  age  in  remote  regions 
is  seen  in  the  case  of  Spiraxis.  Stainier  (20)  has  discovered 
a  new  form  belonging  to  this  genus  in  the  Psammites  du 
Condroz.  The  genus  was  originally  described  by  New¬ 
berry  from  the  Chemung  rocks  of  North  America,  of  an 
age  about  equal  to  that  of  the  Condrusian  deposits.  Our 
present  author  is  inclined  to  regard  these  remarkable  bodies 
as  algae. 

In  the  New  World  the  discovery  of  Devonian  rocks  in 
California  is  announced  by  Diller  and  Schuchert  (21).  Dr. 
C.  A.  White  originally  suggested  that  parts  of  the  auri¬ 
ferous  states  were  older  than  the  Carboniferous.  Since 
then  Silurian  rocks  have  been  discovered  in  the  region, 
and  now  the  authors  bring  forward  evidence  of  the  exist¬ 
ence  of  beds  belonging  to  the  Middle  Devonian  (probably 
its  lower  part),  about  the  horizon  of  the  Corniferous  group, 
but  the  correlation  is  somewhat  doubtful,  as  the  fossils 
found  are  chiefly  corals,  whose  vertical  distribution  has  not 
yet  been  systematically  worked  out. 
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D.— CARBONIFEROUS  ROCKS. 

We  find  many  additions  to  our  knowledge  of  the  car¬ 
boniferous  deposits  of  France  and  Belgium.  Julien  (22) 
gives  reasons  for  concluding  that  the  relative  ages  of  the 
beds  of  the  two  coal  basins  of  Commentry  and  Saint 
Etienne  can  be  fixed  by  a  comparison  of  their  floras.  The 
flora  of  Commentry  contains  210  species,  and  is  divisible 
into  minor  floras  at  different  horizons.  The  strata  of  the 
Commentry  basin  to  the  east  are  subdivided  into  three 
groups  by  the  intercalation  of  a  very  fossiliferous  sandstone, 
the  “banc  des  Roseaux,”  and  a  little  higher  up  by  an¬ 
other  deposit,  an  unfossiliferous  “  breccia,”  the  “banc  des 
Chavais,”  which  the  author  considers  to  be  of  glacial  origin. 
To  the  west  the  deposits  lose  their  unity  of  character,  and 
are  divisible  into  six  groups  separated  by  shale-partings. 
The  “banc  des  Chavais”  disappears,  as  does  also  the 
“banc  des  Roseaux,”  but  the  latter  is  replaced  by  an 
equally  fossiliferous  deposit,  the  “banc  de  l’Ouest”  ;  at  the 
base  a  grit  separates  the  main  mass  of  the  strata  from  the 
“glacial  ”  breccia  of  Sainte- Aline. 

*» 

Examining  each  minor  flora  separately,  noting  the 
species  common  to  the  Saint  Etienne  and  Commentry 
basins,  and  having  studied  their  exact  distribution,  the 
author  is  enabled  to  establish  the  synchronism  of  the 
corresponding  subdivisions  in  the  two  basins.  He  gives  a 
brief  account  of  his  results,  reserving  details  for  a  further 
communication.  He  maintains  that  the  glacial  origin  of 
the  various  breccias  of  Commentry,  established  by  a  study 

of  their  character,  is  confirmed  by  the  palaeontological 
stratigraphy. 

Stainier  (23)  and  Briart  (24)  give  accounts  of  the  coal 
basins  of  Andenne  and  Hainault.  The  former  basin  con¬ 
stitutes  a  natural  division  of  the  large  Liege  basin,  and  its 
structure  is  analogous  to  that  of  the  larger  basin.  The 
paper  gives  details  concerning  the  stratigraphy  and  dis¬ 
turbances  of  the  rocks  of  the  basin.  A  reversed  fault,  the 
faille  de  Boussale,”  brings  Devonian  rocks  over  coal 
measures  at  the  south-east  end  of  the  basin  ;  it  gradually 
dies  out  towards  the  west.  The  Hainault  basin  is  also 
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affected  by  considerable  disturbances,  described  in  Briart’s 
paper.  In  the  volume  of  the  Annals  of  the  Geological 
Society  of  Belgium ,  which  contains  the  latter  paper,  are 
several  short  papers  on  Palaeozoic  rocks,  including  one 
by  Briart  on  the  geology  of  the  neighbourhood  of  Fontaine- 
l’Eveque  and  of  Landelies,  which  gives  details  of  the 
subdivisions  of  the  remarkable  mass  of  Carboniferous  lime¬ 
stone  occurring  near  the  latter  place. 

An  extremely  interesting  contribution  to  our  knowledge 
of  the  Carboniferous  rocks  is  by  Nathorst  (25),  in  which 
the  Palaeozoic  floras  of  Spitzbergen,  Bear  Island  and  Nova 
Zembla  are  described. 

The  Liefde  Bay  beds  of  Spitzbergen  were  formerly 
considered  to  be  passage  beds  between  Devonian  and 
Carboniferous.  They  are  now  definitely  referred  to  the 
Devonian  ;  a  new  flora  has  been  discovered  in  them 
containing  Lepidodendron ,  Bergeria,  Bothrodendron  and 
Psygmophyllum.  The  coal  flora  is  described,  and  the  beds 
containing  it  referred  to  the  Lower  Carboniferous,  the 
flora  being  compared  with  that  of  the  Calciferous  Sand¬ 
stone. 

A  description  of  the  plants  of  the  “  Ursa-stage  ”  of 
Bear  Island  is  given,  and  this  stage  referred  to  a  position 
intermediate  between  the  Lower  Carboniferous  and  the 
Devonian. 

In  Nova  Zembla  certain  plants  have  been  discovered 
whose  horizon  is  not  settled. 

To  stratigraphical  geologists  the  Spitzbergen  geology  is 
specially  interesting,  on  account  of  the  former  belief  in  the 
anomalous  distribution  of  the  fossils  (see  Nordenskjold, 
Geol.  Mag.,  1876,  p.  63).  The  beds  containing  the  coal 
flora  were  formerly  believed  to  occur  above  the  mountain 
limestone  proper,  though  the  fauna  of  this  limestone  showed 
remarkable  Permian  affinities,  containing  such  forms  as 
Camai'ophoria  humble  tonensis ,  Productus  cancmni ,  P .  horm- 
dus  and  Strophalosia  lamellosa.  It  is  now  found  that  the 
apparent  succession  is  due  to  inversion,  the  older  plant¬ 
bearing  beds  being  brought  over  the  newer  limestones. 
These  limestones  are  not  of  mountain  limestone  age,  but 
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representatives  of  the  now  well-known  Permo-Carboniferous 
limestones,  developed  in  India  and  elsewhere.  We  have 
therefore  in  Spitzbergen  :  — 

1.  Hekla  Hook  Beds  =  Silurian. 

2.  Liefde  Bay  Beds  =  Devonian. 

3.  Ursa-stage  =  Passage  between  Devonian  and  Car¬ 

boniferous. 

4.  Coal-bearing  Strata  =  Lower  Carboniferous. 

5.  Limestones  =  Permo-Carboniferous. 

The  mountain  limestone  proper,  which  should  occur 
between  4  and  5,  has  not  been  detected,  but  it  is  suggested 
that  it  is  possibly  represented  by  the  Cyat/iophyllwn  lime¬ 
stone. 

The  Marine  Upper  Carboniferous  beds  of  Arkansas  are 
the  subject  of  a  paper  by  J.  P.  Smith  (26).  He  states  that 
they  correspond  to  the  lower  part  of  the  Cisco  beds  of 
Texas,  and  belong  to  the  top  of  the  true  Carboniferous, 
and  are  below  the  transitional  Permo-Carboniferous.  He 
remarks  that  Waagen’s  comparative  table  showing  the 
relationship  of  the  Upper  Palaeozoic  strata  all  over  the 
world  is  not  generally  accepted  by  most  American  geolo¬ 
gists  as  regards  the  position  assigned  to  some  American 
deposits.  Whilst  this  paper  shows  the  gradual  acceptance 
of  the  existence  of  marine  coal  measures  and  Permo-Car¬ 
boniferous  faunas  (with  which  we  in  Britain  are  practically 
unacquainted),  certain  apparent  abnormalities  are  touched 
on,  and  the  author  remarks  that  they  have  been  explained 
by  some  writers  as  explicable  upon  the  theory  of  Colonies. 
This  explanation  he  seems  to  look  upon  with  approval. 
The  difficulties  will  no  doubt  be  cleared  up  ultimately,  and, 
perhaps,  when  that  is  done,  Waagen’s  correlations  will  be 
proved  to  hold  good  for  America  also. 

No  important  papers  have  been  published  concerning 
the  Permian  rocks  proper  during  the  six  months  under 
review. 
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PART  IV. 

I^ROM  the  main  Atlantic  we  may  return  northward, 
diverging  to  the  West  Indies.  Much  has  been  done 
during  the  past  ten  years  in  the  botanical  exploration  of 
the  smaller  islands  of  the  West  Indies,  chiefly  under  the 
auspices  of  the  British  Association  for  the  Advancement  of 
Science,  supported  by  grants  from  the  Royal  Society.  The 
Germans  have  also  taken  up  the  matter,  and  Dr.  I.  Urban, 
of  Berlin,  has  in  hand  a  flora  of  all  the  islands.  The 
Committee  appointed  by  the  British  Association  held  its 
first  meeting  in  January,  1888,  and  steps  were  at  once 
taken  for  carrying  its  recommendations  into  effect.  A 
report  containing  a  botanical  and  zoological  bibliography 
(1)  of  the  chain  of  islands  from  Tobago  to  Porto  Rico  was 
issued  by  the  association  the  same  year,  followed  by  annual 
reports  up  to  the  present  time.  Mr.  F.  Du  Cane  Godman 
assisted  materially  by  the  employment  of  private  collectors, 
both  in  botany  and  zoology.  The  bibliography  referred  to 
above  contains  not  only  the  titles  of  the  books  and  articles 
treating  of  the  botany  and  zoology  of  the  islands,  but  also 
the  main  facts  then  known  relating  to  each  island  or  group 
of  islands,  it  having  been  intended  as  a  kind  of  guide  for 
the  use  of  collectors  and  elaborators. 

Nearly  all  of  the  British  Islands,  from  Tobago  to  the 
Virgin  group,  were  more  or  less  thoroughly  explored,  the 
staff  of  the  various  botanical  stations  in  the  West  Indies 
having  worked  in  concert  with  the  special  collectors  ;  and 
the  results  have  been  published,  some  in  detail,  some  in 
summary  only. 

It  may  be  premised  that  the  flora  of  the  whole  chain  of 
islands  is  very  uniform  in  composition  throughout ;  there¬ 
fore  it  will  be  sufficient  to  discuss  two  or  three  of  the  more 
important  contributions,  though,  for  convenience,  references 
are  also  given  to  the  smaller  ones.  The  islands  ma)  be 
taken  in  order,  from  south  to  north,  beginning  with 
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Grenada.  Several  of  the  islands  are  remarkably  rich  in 
ferns,  notably  Jamaica,  where,  including  lycopods  and 
other  vascular  cryptogams,  there  are  probably  not  fewer 
than  500  species.  A  descriptive  account  of  them  is  ap¬ 
pearing  (2)  by  driblets,  and  at  the  present  rate  will  not  be 
completed  for  some  time. 

Under  the  direction  of  the  Committee  named  above, 
Mr.  Sherring  botanised  the  relatively  small  island  of 
Grenada  during  the  winter  of  1890-91,  and  devoted  him¬ 
self  specially  to  the  fern  vegetation.  He  succeeded  in 
collecting  145  species,  an  account  of  which  is  given  (3) 
by  Mr.  J.  G.  Baker.  From  this  we  learn  that  only 
two  species  were  new,  namely,  A /sop kiln  Ellioltii ,  a  tree 
fern,  and  Acrostichum  Shemngii.  Hypoderris  Brownii 
was  known  before  only  from  Trinidad,  and  Schizcea  flujn- 
inensis  and  Acrostichum  Aitbertii  had  previously  been 
collected  only  in  Continental  America.  A  few  other  very 
rare  species  were  included  in  the  collection  ;  but  most  of 
the  species  are  generally  diffused  in  the  West  Indies.  The 
ferns  of  Grenada  are  largely  concentrated  in  the  luxuriant 
forests  immediately  surrounding  the  Grand  Etang,  situated  at 
an  elevation  of  1740  feet  above  sea-level.  .  Here  about  sixty 
species  were  observed  in  a  single  day.  In  addition  to  ferns 
Mr.  Sherring  collected  about  160  species  of  flowering  plants 
(4),  but  as  they  have  not  been  specially  worked  out,  we 
may  pass  on  to  St.  Vincent. 

This  island  was  very  thoroughly  botanised  by  Mr. 
Herbert  Smith,  Mr.  Godman’s  collector,  and  the  plants 
worked  out  at  Kew  (5)  in  relation  to  their  distribution. 

I  propose  drawing  freely  on  this  report,  in  illustration 
of  the  botanical  geography  of  the  West  Indies,  because 
I  had  something  to  do  with  its  compilation,  St. 
Vincent  lies  between  Grenada  and  Santa  Lucia  ;  is  about 
eighteen  miles  long  by  eleven  broad,  or  half  the  area  of 
Middlesex  ;  and  has  a  central  densely  wooded  mountain 
ridge  varying  from  2000  to  4000  feet  in  height.  Less  than 
one-sixth  is  under  permanent  cultivation,  and  much  of  the 
forest  is  virgin.  1  he  smaller  islands  included  in  the 
enumeration  referred  to  are  :  Bequia,  Cannouan,  Mustique 
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and  Union,  having  a  total  area  of  less  than  9000  acres. 
With  but  few  and  unimportant  exceptions,  the  plants  col¬ 
lected  in  these  smaller  islands  also  inhabit  St.  Vincent. 
Altogether  about  1150  vascular  plants  have  been  recorded 
from  the  islands,  though  doubtless  a  number  of  them  errone¬ 
ously,  as  may  be  inferred  from  what  is  known  of  their  general 
distribution.  Mr.  Smith  collected  977  species,  of  which  it 
is  estimated  131  are  colonists,  leaving  846  indigenous 
species.  These  are  referred  to  490  genera  and  109  natural 
orders,  or  rather  more  than  half  the  orders  of  the  world. 
This  flora  being  typical  of  the  whole  chain  of  islands,  as 
limited  above,  it  may  be  worth  while  giving  somewhat  full 
particulars  of  its  composition,  relationships  and  distribution. 
The  twelve  predominating  natural  orders  are:  Leguminosae, 
1 4 r  species;  Gramineae,  58;  Rubiaceae,  52;  Compositae, 
45  ;  Orchideae,  43;  Euphorbiaceae,  38;  Cyperaceae,  34; 
Melastomaceae,  25  ;  Malvaceae,  24  ;  Convolvulaceae,  23  ; 
Solanaceae,  22  ;  and  Piperaceae,  22.  Comparing  the  fore¬ 
going  with  Baron  Eggers’s  figures  (6)  for  St.  Croix  and 
the  Virgin  Islands,  at  the  other  end  of  the  chain,  it  is  not  a 
little  surprising  to  find  that  the  twelve  predominating  orders 
are  the  very  same,  and  follow  in  exactly  the  same  sequence! 
Such  an  approach  to  uniformity  is  rare  even  in  unbroken 
stretches  of  land  at  points  so  distant  from  one  another;  much 
less  would  it  have  been  expected  in  islands  separated  from 
each  other  by  considerable  expanses  of  water.  The  fact 
seems  to  indicate  no  very  remote  period  when  there  was 
continuity  of  land. 

Pursuing  these  comparisons  further,  among  flowering 
plants  Ipomcea  is  the  most  numerous  in  species  in  both 
groups  of  islands ;  and  such  other  genera  as  Cassia , 
Solanum ,  Panicum  and  Paspalum  are  strongly  represented 
in  both  groups.  With  regard  to  the  endemic  element,  it 
is  similar  in  character  at  both  extremities  of  the  chain.  The 
following  species  have  hitherto  only  been  met  with  in  St. 
Vincent,  but  there  is  no  endemic  genus:  Trigyncea  antillana 
(Anonaceae),  Spachca  perforata  (Malpighiaceae),  Meliosma 
Herbertii  (Sabiacese),  Calliandra  Guildmgn  (Leguminosae), 
Psidium  Guildingianum  and  Gustavia  antillana  (Myrtaceae), 
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Fib  one  kin  a  cistoides  (Melastomaceae),  Begonia  rotundi folia 
(Begoniaceae),  Hoffmannia  tubijlora  (Rubiaceae),  Malouetia 
retroflexa  (Apocynaceae),  Columnea  speciosa  (Gesneraceae), 
Peperomia  cun  eat  a  and  P.  vincentiana  (Piperaceae),  Croton 
Guildingii  (Euphorbiaceae),  Epidendrum  vincentinum  (Or- 
chideae)  and  Tillandsia  megastachya  (Bromeliaceae).  As¬ 
suming  that  the  foregoing  species  are  all  actually  confined 
to  St.  Vincent,  the  endemic  element  there  is  o-reater  than 
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in  any  other  island  in  the  chain  ;  but  a  thorough  working- 
out  of  the  materials  from  all  the  islands  would  probably 
reduce  this  number.  It  would  appear,  too,  that  there  is  a 
process  of  extinction  going  on,  for  certain  plants  gathered 
in  St.  Vincent  in  the  middle  of  the  present  century  have 
not  been  found  since,  either  there  or  elsewhere.  Such  are 
Spachea  perforata  (Malpighiaceae)  and  Cyathea  tenera ,  a 
tree  fern.  Of  course  some  of  these  plants  may  be  exceed- 
ingly  local  and  still  in  existence.  Now,  taking  the  whole 
vascular  flora  of  St.  Vincent,  and  following  the  extensions 
of  the  species,  we  find  that  out  of  the  846  inhabiting  St. 
Vincent.  565  are  Continental  American,  most  of  them 
having  a  wide  range  therein;  but  few  of  them  extending  to 
the  Old  World  or  to  Polynesia.  Taking  those  of  wider  areas, 
29  are  common  to  Africa  and  America,  and  133  are  of 
wider  extension,  many  of  them  being  almost  cosmopolitan 
in  the  tropics.  It  should  be  borne  in  mind  that  most  of 
the  two  last  categories  are  also  Continental  American  as 
well  as  West  Indian.  It  should  also  be  understood  that 
all  of  these  figures  are  no  more  than  rough  approximations. 
Coming  to  narrower  areas,  or  smaller  extensions,  198 
species  are,  so  far  as  our  present  knowledge  goes,  restricted 
to  the  West  Indies,  and  eight  others  extend  only  into  the 
Keys  of  Florida.  I  have  something  more  to  say  presently 
concerning  the  tropical  element  in  South  Florida. 

I  here  is  still  one  more  class  of  plants  to  mention,  namely, 
such  as  are  next  in  degree  of  rarity  to  the  endemic  species, 
occurring  only  in  one  or  two  other  islands  besides  St. 
Vincent.  These  plants  might  perhaps  be  appropriately 
designated  the  dying  out  element.  Examples  of  this  class 
are  :  Brownea  speciosa ,  Combretum  eriopetalum ,  Couroupita 
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ant  ill  ana,  Aspidosperma  sessiliflorum ,  Solanum  hirtum  and 
Pilea  ovalis — St.  Vincent  and  Trinidad;  Voyria  tenella , 
Solanum  retrofractum  and  Tillandsia  compressa — St.  Vin¬ 
cent  and  Jamaica;  Triumfetta  grossularicefolia,  Emthalis 
angusti folia  and  Eupatorium  Ossceanum — St.  Vincent  and 
Cuba  ;  Henriettella  triflora — St.  Vincent  and  St.  Lucia  ; 
Beponia  dominicalis  and  Stelis  scabrida — St.  Vincent  and 
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Dominica ;  Begonia  martinicensis  and  Pleurothallis  jlori- 
bunda — St.  Vincent  and  Martinique  ;  and  Echites  circmalis 
— St.  Vincent  and  Hayti.  As  already  intimated,  however, 
too  much  weight  must  not  be  attached  to  these  data,  because 
further  researches  may  more  or  less  invalidate  them  ;  yet 
with  this  qualification  they  may  be  accepted  as  facts  for 
discussion. 

Comparing  the  number  of  species  of  the  St.  Vincent 
Flora  restricted  to  the  West  Indies  with  Grisebach  s 
estimate  (7)  for  the  whole  of  the  West  Indies,  we  meet 
with  a  great  discrepancy.  He  came  to  the  conclusion 
that  nearly  50  per  cent,  ot  the  species  that  had  come 
under  his  observation  were  peculiar  to  the  islands,  whereas 
the  components  of  the  St.  Vincent  Flora  include  less  than 
25  per  cent,  of  no  wider  range  than  the  West  Indies.  It  is 
true  there  is  a  very  large  endemic  element  in  Cuba,  and  a 
considerable  one  in  Hayti  and  Jamaica,  but  later  discoveries 
have  certainly  reduced  the  proportions  he  estimated.  W  ith 
regard  to  the  number  of  species  confined  to  each  ol  the 
principal  islands  of  the  chain  of  islands  under  discussion, 
Grisebach’s  figures  are  something  lower  than  is  actually  the 
case.  He  enumerates  twenty-nine  as  peculiar  to  Dominica, 
probably  owing*  to  the  absence  of  material  for  comparison. 
For  the  others  his  figures  are  :  St.  Vincent,  12  ;  Montserrat, 
2  ;  Grenada,  2  ;  Martinique,  2  ;  Guadeloupe,  1  ;  St.  Lucia, 
1  ;  Antigua,  1  ;  and  Barbadoes,  1.  Further  investigations 

have  added  almost  nothing. 

As  already  mentioned,  most  of  the  other  British  Islands 
have  been  botanised  by  the  agents  of  the  Committee,  and 
the  results  are  briefly  recorded  in  the  annual  repoits,  but 
they  contain  nothing  of  sufficient  interest  for  reproduction 
here.  Baron  Eggers  has  published  (8)  a  supplement  to 
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his  Flora ,  containing  additions  and  corrections,  but  no  dis¬ 
covery  of  importance  is  noted,  except  the  curious  new 
genus,  Eggersia  buxifolia  (Nyctagineas),  previously  pub¬ 
lished  elsewhere  (9),  and  first  discovered  by  the  author  in 
the  island  of  St.  Tho  mas.  It  is  a  small  apparently  ever¬ 
green  shrub  with  small  leaves  and  exceedingly  small  flowers, 
singularly  unlike  anything  else  in  the  order. 

Continuing  in  a  westward  direction  we  next  come  to 
Porto  Rico. 

There  is  an  unfinished  descriptive  work  on  the  Flora  of 
Porto  Rico,  written  in  Spanish  (10);  and,  as  no  continuation 
has  appeared,  so  far  as  I  can  ascertain,  since  1 888,  it  is  not 
probable  that  it  will  ever  be  completed.  It  includes  the 
natural  orders  Ranunculacete  to  Gesneraceae,  and  is  the 
work  of  an  enthusiastic  amateur,  and  doubtless  serviceable  „ 
on  the  spot,  though  not  so  critically  worked  out  as  might 
be  wished.  Another  Spanish  work  (11)  should  be  men¬ 
tioned,  although  of  somewhat  earlier  date,  because  it  con¬ 
tains  descriptions  of  two  or  three  proposed  new  genera  and 
some  sixty  species,  though,  truth  to  say,  it  is  even  less 
critical  than  the  preceding.  Any  plant  the  author  was 
unable  to  identify  with  a  published  description  or  figure  he 
described  on  his  own  account ;  consequently  it  is  not  worth 
while  repeating  his  names  here.  Some  of  the  plants  were 
verified  by  Dr.  Kranzlin  and  others,  at  Berlin,  notably 
the  orchids  and  ferns,  three  of  the  former  being  described 
as  new.  The  proposed  new  genera  are:  Stahlia  (Le- 
guminosse),  Homononia  (Melastomaceae)  and  Atelandra 
(Myrsineae). 

Hayti,  or  San  Domingo,  is  the  least  known  botanically 
of  the  larger  West  Indian  Islands,  yet  it  was  the  scene  of 
Father  Plumier  s  labours  at  the  end  of  the  seventeenth 
century  and  the  beginning  of  the  eighteenth.  The  un¬ 
settled  condition  of  the  inhabitants  has  doubtless  had  some¬ 
thing  to  do  with  this.  Several  botanists,  however,  have 
collected  in  the  island  within  the  last  ten  years,  but  no 
consolidated  account  of  the  results  of  their  labours  has 
appeared.  Baron  Eggers  visited  the  island  in  1887,  and 
made  considerable  collections  ;  and  he  gave  an  account  (12) 
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of  his  journey  with  some  general  remarks  on  the  vegetation, 
but  he  reserved  the  botany  for  a  separate  article,  which,  I 
believe,  has  not  yet  been  published.  Nevertheless,  the 
article  in  question  contains  many  facts  of  great  interest. 
Pine  forests  (. Pinus  occidentals)  of  large  extent  exist  in 
the  uplands,  with  an  undergrowth  of  the  common  bracken 
(. Pteris  aquilina )  in  some  parts,  associated  with  species  of 
Fuchsia ,  Hypericum ,  Siphocampylos  and  Pentarraphia.  The 
pines  support  a  variety  of  epiphytes  and  parasites,  including 
Bromeliaceae,  Piperaceae,  Orchideae,  Aroideae,  etc.  San 
Domingo  is  the  only  island  of  the  West  Indies  in  which 
the  genus  Fuchsia  is  known  with  certainty  to  exist,  though 
there  is  a  record  which  may  refer  to  Cuba.  F.  triphylla , 
the  species  on  which  the  genus  was  founded,  was  redis¬ 
covered  some  years  ago  (13)  and  brought  into  cultivation. 
Baron  Eggers  collected  it,  and  also  discovered  a  very 
handsome  new  species  (F.  Pringsheimii ,  Urban).  Here, 
as  in  Mexico,  scattered  palms  are  found  in  the  pine  forests, 
affording  a  very  striking  contrast.  Eggers  specially  men¬ 
tions  a  species  of  Euterpe  occurring  among  the  pines  in 
San  Domingo. 

Another  tree  of  more  than  ordinary  interest  is  the  native 
walnut  ( Juglans  jamaicensis),  which  inhabits  the  valley  of 
Jarabacoa,  and  is  described  as  having  a  pointed  fruit.  Jug¬ 
lans  jamaicensis  was  first  described  by  C.  de  Candolle  (14) 
from  a  coloured  figure  (15),  where  it  is  recorded  as  a  native 
of  Jamaica,  inhabiting  the  mountains,  and  enjoying  a  high 
reputation  for  medicinal  virtues.  The  date  of  this  record 
is  1829,  but  I  have  found  no  other  mention  of  its  occur¬ 
rence  in  Jamaica,  and  there  are  no  specimens  in  the  Kew 
Herbarium.  Yet  the  island  has  probably  been  more 
thoroughly  explored  botanically  than  any  of  the  other  large 
islands.  Juglans  insularis  is  a  native  of  Cuba,  the  only 
other  island  besides  Porto  Rico  and  San  Domingo  known 
with  certainty  to  possess  a  walnut.  The  specimens  from 
these  islands  have  been  named  J.  jamaicensis ,  though, 
from  the  foliage  alone,  I  should  have  taken  them  to  belong* 
to  the  same  species  as  the  Cuban;  but  Dr.  Urban  writes 
that  there  are  differences  in  the  fruit.  No  complete  enu- 
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meration  of  the  plants  collected  by  Eggers  has  appeared, 
but  an  uncritically  compiled  list  is  given  (16)  by  Tippen- 
hauer.  This  I  have  not  seen,  and  only  know  of  its 
existence  from  a  short  review  (17),  where  it  is  stated  that 
100  pages  are  devoted  to  botany,  and  the  number  of  plants 
enumerated  reaches  3193,  brought  together  from  a  variety 
•of  sources. 

Two  enumerations  of  the  plants  of  the  Bahamas  have 
appeared  (18  and  19),  neither  of  which  can  lay  claim  to 
completeness  ;  but  between  them  they  are  sufficient  to  give 
a  correct  idea  of  the  character  and  composition  of  the  flora, 
and  probably  include  very  nearly  all  the  flowering  plants  of 
the  whole  group  of  islands.  The  first,  however,  is  a  com¬ 
pilation  from  several  sources,  and  by  several  persons  of 
very  unequal  qualifications  for  the  task.  As  the  geo¬ 
graphical  part  js  perhaps  the  weakest,  I  may  pass  on  to 
the  second,  though  I  should  add  with  regard  to  the  first 
that  the  names  were  largely  contributed  by  Kew,  based 
on  specimens  collected  by  Mr.  Brace,  and  may  be  taken 
as  approximately  correct.  Mr.  Hitchcock’s  paper  deals 
more  especially  with  the  geographical  questions,  and  it 
is  supplemented  by  a  tabulated  view  of  the  distribution 
of  the  plants  collected  in  the  Bahamas,  within  the  islands 
of  New  Providence,  Eleuthera,  Cat,  Wading,  Crooked, 
Fortune  and  Inagua,  and  their  extensions  to  Cuba,  Central 
America,  South  America,  Virgin  Islands  and  South  Florida. 
The  islands  of  this  archipelago  are  very  numerous,  but  the 
largest  of  those  enumerated  above,  New  Providence,  is  only 
twenty-one  miles  by  seven,  and  none  of  them  rises  more 
than  300  feet  above  the  sea-level ;  consequently  there  is  even 
less  variety  in  the  vegetation  than  in  the  Lesser  Antilles. 
Indeed  the  flora  is  almost  wholly  maritime  in  character  ; 
yet  a  few  species  have  been  collected  in  these  islands  that 
have  not  hitherto  been  found  elsewhere.  It  is  also  at 
the  same  time  essentially  Cuban  in  character,  as  321  out 
of  380  species  in  Mr.  Hitchcock’s  Bahama  collection  are 
known  to  occur  in  Cuba.  As  many  as  129  reach  South 
Florida,  but  these  are  all  southern  types,  which  have  their 
northern  limit  in  Florida  or  the  Southern  United  States. 
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On  the  other  hand,  there  are  no  essentially  northern  types 
extending  southward  to  the  Bahamas.  The  only  exception 
is  Distichlis  spicatci  (Gramineae),  which  has  a  wide  range  in 
North  America,  and  occurs  isolated  in  the  island  of  Inagua. 

Out  of  sixty-eight  species  common  to  the  Southern 
United  States  and  the  Bahamas,  fifty-eight  inhabit  Cuba. 
Hitchcocks  table  does  not  show  how  many  of  the  species 
are  peculiar  to  the  West  Indies,  but  he  enumerates 
thirteen  as  peculiar  to  the  Bahamas.  Specially  noteworthy 
among  these  is  Pinus  bahamensis ,  apparently  confined 
to  the  islands  of  New  Providence  and  Andros,  accord¬ 
ing  to  Eggers  (20),  but  I  have  seen  no  specimens  from 
the  latter  island.  On  the  authority  of  Gardiner  (18) 
this  pine  occurs  in  the  islands  of  Abaco,  Bahama,  Berry, 
New  Providence,  and  the  northern  half  of  Andros.  It  is  a 
very  distinct  species  with  leaves  a  foot  long,  in  clusters  of 
threes. 

A  curious  feature  in  the  West  Indian  maritime  flora 
deserves  mention  here,  for  both  Eggers  and  Hitchcock 
refer  to  it,  and  I  have  seen  specimens  from  the  Ber¬ 
mudas  exhibiting  the  same  peculiarity.  It  is  the  exist¬ 
ence  of  hairy  and  glabrous  varieties  of  the  same  species 
growing  intermixed.  Conocarpus  erecta  (Combretaceae), 
Borrichia  arborescens  and  B.  frutescens  (Composite)  furnish 
striking  examples  of  this  phenomenon.  Some  individuals 
have  perfectly  glabrous  leaves,  whilst  in  others  the  leaves 
are  densely  clothed  with  a  silky,  silvery  tomentum.  Oc¬ 
casionally  the  same  individual  bears  both  kinds  of  leaves. 
Baron  Eggers’s  Bahama  collection  has  not  been  worked 
out  in  detail,  as  it  contained  little  that  was  new  ;  but  some 
interesting  facts  illustrated  by  it  have  been  published  (21). 
Mr.  Baker  there  estimates  the  total  number  of  species 
known  from  the  whole  group  of  islands  at  about  500,  very 
few  of  which  are  not  included  in  one  or  the  other  of  the  lists 
referred  to  above.  He  also  points  out  the  absence  of  the 
natural  orders  :  Dilleniaceae,  Piperaceae,  Guttiferae,  Terns- 
troemiaceae  and  Gesneraceae,  which,  for  most  of  the  orders,  is 
certainly  remarkable.  It  is  true  that  Brace  and  Gardiner’s 
list  includes  both  Mammea  americana  and  Calopkyllum 
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Calaba  (Guttiferae),  but  the  former  is  not  represented  in  the 
Kew  Herbarium  from  the  islands,  and  Brace’s  specimen  of 
the  latter  is  accompanied  by  a  note  to  the  effect  that  it  was 
introduced  in  the  Bahamas.  Comparatively  recent  ex¬ 
plorations  (22  and  23)  in  the  Keys  of  Florida  have  yielded 
some  interesting  results,  to  which  I  will  only  very  briefly 
allude.  Wallace  (24),  describing  the  North  American 
flora,  says:  “When  we  reach  the  southern  extremity  of 
Florida  we  still  find  ourselves  in  the  midst  of  oaks,  sumachs, 
magnolias,  vines  and  other  characteristic  forms  of  the  tem¬ 
perate  flora  ;  while  the  birds,  insects  and  land-shells  are 
almost  identical  with  those  found  farther  north.  But  if  we 
now  cross  over  the  narrow  strait,  about  fifty  miles  wide, 
which  separates  Florida  from  the  Bahama  Islands,  we  find 
ourselves  in  a  totally  different  country,  surrounded  by  a 
vegetation  which  is  essentially  tropical  and  generally 
identical  with  that  of  Cuba.” 

From  the  facts  given  above,  it  follows  that  Wallace  was 
quite  right  respecting  the  sudden  cessation  of  northern 
types  in  Florida ;  but  a  more  thorough  exploration-  of 
Southern  Florida  has  revealed  the  existence  of  a  laroe 

o 

number  of  essentially  tropical  plants,  common  in  the  West 
Indies,  and  having  their  northern  limit  in  the  extreme 
South  of  Florida. 

The  last  of  the  West  Indian  Islands  to  which  I  have  to 
refer  are  the  Caymans  (25),  explored  by  Mr.  W.  Fawcett. 
The  great  Cayman  is  about  180  miles  distant  from  Jamaica 
and  Cuba,  and  is  only  a  mere  speck  of  land,  seven  or  eight 
m  iles  across  in  its  broadest  part ;  yet  its  vegetation  is 
evidently  the  remains  of  a  larger  flora  rather  than  a  derived 
one.  Mahogany,  cedar,  logwood  and  fustic,  the  charac¬ 
teristic  trees  of  the  region,  form  the  bulk  of  the  arboreous 
vegetation.  Upwards  of  100  species  of  vascular  plants 
were  collected  during  a  short  visit,  and  they  included  two 
orchids  new  to  science,  namely,  Dendrophylax  Fawcettii 
and  Schomburgkia  Fhomsoniana. 

Dr.  Urban’s  proposed  general  Flora  of  the  West  Indies 
is  being  preceded  by  critical  elaborations  (26)  of  many  of 
the  obscure  and  difficult  genera,  especially  those  numerous 
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in  species  which  have  been  variously  limited  by  different 
authors  working-  at  a  portion  only  of  them.  Many  supposed 
anomalies  in  distribution  disappear  when  the  whole  material 
is  handled  by  one  person. 

In  all  my  references  and  comparisons  I  have  purposely 
omitted  the  cellular  cryptogams  ;  but,  for  the  benefit  of  those 
persons  interested,  I  may  add  here  that  since  1892  the  work 
under  the  Committee  of  the  British  Association  has  been 
almost  entirely  on  these  lower  organisms ;  and  already  several 
important  contributions  to  the  literature  have  been  published, 
and  others  are  in  course  of  preparation. 
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PEPTONE. 

IT  was  in  the  early  years  of  the  present  century  that  the 
most  important  discovery  was  made  that  the  secretion 
of  the  glands  of  the  stomach  is  an  acid  one  ;  and  Carl 
Schmidt  was  the  first  to  show  with  analytical  certainty  that 
it  is  hydrochloric  acid  which  is  par  excellence  the  acid  of  the 
gastric  juice.  The  presence  of  other  acids  like  lactic  acid 
is  more  or  less  accidental.  The  absence  of  putrefaction  in 
the  normal  gastric  contents  was  noted  by  Spallanzani, 
and  is  caused  by  this  acid.  There  can  be  no  doubt  that 
the  antiseptic  action  of  the  juice,  which  is  very  great,  serves 
us  in  good  stead  by  protecting  us  very  largely  from  the  evil 
results  which  would  otherwise  follow  the  introduction  of 
numerous  microbes  with  every  meal.  But  it  is  with  gastric 
juice  as  a  digestant  that  we  have  now  to  deal.  The  first 
observers  were  inclined  to  attribute  the  solvent  power  of 
the  juice  to  its  acid,  but  as  Dr.  Beaumont  showed  in  his 
classical  observations  on  Alexis  St.  Martin  which  have  laid 
the  foundation  of  all  our  modern  knowledge  on  digestion, 
this  could  not  be  the  case.  An  acid  of  the  same  strength 
is  a  less  powerful  solvent,  and  therefore  the  gastric  juice 
must  contain  a  special  solvent  principle.  This  Eberle 
supposed  to  be  the  gastric  mucus,  a  supposition  easily 
refuted.  It  was  Schwann  who  discovered  this  special 
principle  and  called  it  pepsin.  He  gave  the  name  albu- 
minose  to  the  product  of  its  action  on  albumin  ;  Lehmann’s 
name  peptone,  however,  has  since  been  generally  adopted. 
Lehmann  recognised  that  peptone  is  not  coagulated  by  heat 
as  albumin  is. 

The  modern  conception  of  the  process  of  proteolytic 
digestion  in  the  stomach  is  the  following  :  Gastric  juice  acts 
on  proteids  in  virtue  of  the  compound  between  pepsin 
and  the  acid  which  it  contains.  This  compound  may  be 
styled  pepsin-hydrochloric  acid.  Like  that  of  most  other 
ferments  its  action  is  a  hydrating  one,  and  similar  products 
may  be  obtained  by  other  hydrating  agencies,  such  as 
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heating  with  dilute  mineral  acids  or  superheated  steam. 
The  final  product  of  this  action  is  called  peptone,  and  this 
substance  compared  to  the  original  albumin  is  very  diffusible. 
But  between  the  albumin  and  the  peptone  are  several 
intermediate  stages  of  intermediately  diffusible  substances. 
One  of  these  produced  in  small  quantities  is  acid  albumin, 
but  the  greater  number  come  under  the  general  heading  of 
the  proteoses. 

The  pancreatic  digestion  of  proteids  is  closely  similar  ; 
it,  however,  occurs  in  an  alkaline  medium,  and  is  more 
energetic,  and,  moreover,  if  long  continued  leads  to  a 
breaking  up  of  some  of  the  peptone  into  simpler  nitrogenous 
substances  like  leucine,  tyrosine,  aspartic  acid,  and  ammonia. 

It  should  be  mentioned  that  though  highly  diffusible 
compounds  like  proteoses  and  peptone  are  formed  in  the 
alimentary  canal,  none  find  their  way  as  such  into  the 
circulating  blood,  even  during  the  periods  of  most  energetic 
digestion.  These  substances  are  in  fact  pretty  powerful 
poisons  when  injected  into  the  blood  stream.  The  epithel¬ 
ial  lining  of  the  alimentary  canal  normally  protects  us  from 
these  toxic  products  by  once  more  dehydrating  the  peptone 
in  virtue  of  the  vital  activity  of  its  cells.  Though  lymphoid 
tissue,  which  is  abundant  in  the'  intestinal  walls,  has  been 
considered  by  some  to  have  a  share  in  this  action,  most 
observers  are  pretty  well  agreed  that  it  is  the  columnar  ~ 
epithelium  which  is  the  main  agent  in  the  “  regeneration  of 
albumin 

But  to  return  to  the  products  of  digestion,  it  was  very 
soon  recognised  that  they  are  numerous  ;  Meissner  described 
the  varieties  of  peptone  as  parapeptone,  dyspeptone,  meta¬ 
peptone,  a ,  b  and  c  peptone.  Schmidt-Mulheim  distin¬ 
guished  between  parapeptone,  propeptone  and  peptone. 
Parapeptone  is  the  acid  albumin,  and  propeptone  is  a  very 
good  name  for  what  we  now  call  the  proteoses.  Nearly 
all  of  our  present  knowledge  of  the  chemistry  of  digestion 
is  due  to  the  work  of  Kuhne  and  those  associated  with  him 
in  his  researches,  particularly  Chittenden  and  Neumeister. 

A  most  valuable  method  of  isolating  peptone  was  discovered 
by  Wenz,  one  of  Kuhne’s  pupils.  It  consists  in  the  use  of 
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ammonium  sulphate  as  a  reagent ;  when  added  to  satura¬ 
tion  this  salt  readily  precipitates  all  proteids  except  peptone. 
Pure  peptone  was  never  obtained  previous  to  this,  but 
always  more  or  less  mixed  with  proteoses. 

The  earliest  of  Kiihne’s  observations  showed  him  that 
there  are  two  varieties  of  peptone,  hemi-peptone ,  which  by 
the  pancreatic  juice  is  further  split  into  leucine,  tyrosine, 
etc.,  and  anti-peptone ,  which  resists  this  action.  The  cor¬ 
responding  intermediate  proteoses  may  be  termed  hemi- 
albumose  and  anti-albumose  respectively. 

More  recent  observations  have  shown  that  albumoses 
may  be  classified  in  another  way,  according  to  their  re¬ 
actions  and  solubilities,  into 

1.  Proto-albumose  ;  soluble  in  hot  and  cold  water  and 
dilute  saline  solutions,  but  precipitated  by  saturation  with 
sodium  chloride  or  magnesium  sulphate. 

2.  Hetero-albumose  ;  insoluble  in  water,  and  therefore 
precipitable  by  dialysing  out  the  salt  from  its  solutions. 
Otherwise  it  closely  resembles  proto-albumose. 

3.  Deutero-albumose ;  soluble  in  hot  and  cold  water, 
and  not  precipitated  by  saturation  with  sodium  chloride  or 
magnesium  sulphate,  but  it  is  by  saturation  with  ammonium 
sulphate.  It  is  thus  in  its  reactions  nearest  to  the  peptones. 

Peptone  itself  resembles  these  albumoses  by  giving  the 
biuret  reaction  (pink  colour  with  copper  sulphate  and 
caustic  potash),  but  differs  from  them  in  not  being  pre¬ 
cipitable  by  ammonium  sulphate  nor  by  nitric  acid. 

Neumeister  has  succeeded  in  discovering  the  relation¬ 
ship  between  these  two  classifications  of  the  albumoses. 
Albumin  may  be  considered  to  be  composed  of  herni¬ 
al  bumin  and  anti-albumin  ;  the  hemi-albumin  in  the  first 
stage  of  hydration  is  split  into  proto-albumose  and  hetero- 
albumose  ;  the  anti-albumin  yields  hetero-albumose  and 
acid  albumin.  The  next  stage  in  hydration  is  deutero- 
albumose,  and  the  final  step  is  the  conversion  of  the 
deutero-albumose  into  peptone  of  the  hemi  and  anti 
varieties. 

The  albumoses  (proto  and  hetero)  formed  directly 
from  the  albumin  may  be  called  primary  albumoses. 
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Deutero-albumose  is  a  secondary  albumose,  and  is  thus 
nearest  to  the  peptones  not  only  in  its  reactions  but  also 
in  its  order  of  formation. 

The  similar  products  formed  in  the  digestion  of  globulin 
may  be  called  globuloses  ;  of  vitellin,  vitelloses  ;  of  casein, 
caseoses  ;  of  myosin,  myosinoses  ;  there  are  individual 
minor  differences,  but  all  are  closely  similar  to  the  albumoses 
already  described,  and  the  general  term  proteoses  includes 
them  all.  The  products  of  digestion  of  elastin,  and  of 
gelatin,  have  also  a  general  resemblance  to  the  proteoses 
and  peptone. 

Such  briefly  is  a  summary  of  our  knowledge  of  proteo¬ 
lysis  produced  by  gastric  digestion.  But  within  the  last 
year  or  two  further  points  of  detail  have  been  taken  up  and 
worked  out,  and  it  is  to  these  that  it  is  the  special  object 
of  this  paper  to  draw  attention.  In  so  doing  it  will  be 
necessary  to  restrict  our  consideration  to  those  papers  in 
which  peptones  and  albumoses  are  treated  from  the  diges¬ 
tion  point  of  view.  It  would  lead  us  too  far  to  take  up 
another  branch  of  this  subject  which  has  recently  attracted 
so  much  attention,  namely,  the  chemical  action  of  micro¬ 
organisms,  and  the  poisons  they  -produce.  Suffice  it  to  say 
that  in  numerous  instances  the  toxines,  and  antitoxines  of 
bacteriologists,  are  proteoses,  or  substances  closely  allied  to 
them. 

Pekelharing  1  has  attempted  to  throw  doubt  upon  the 
individuality  of  peptone  and  upon  the  ammonium  sulphate 
method  of  isolation,  claiming  that  proteoses  are  only  par¬ 
tially  precipitated  by  the  ammonium  salt,  and  that  the  so- 
called  peptone  is  merely  a  mixture  of  albumose  or  proteose, 
with  some  unknown  substance  or  substances.  In  support 
of  this  view  he  apparently  finds  it  impossible  to  prepare 
a  peptone  which  will  not  yield  some  proteose  by  treat¬ 
ment  with  ammonium  sulphate,  or  which  will  not  show  the 
presence  of  proteose  by  such  reagents  as  trichloracetic 
acid. 

This  criticism  has  led  to  renewed  research  on  the  part 
1  Centralblatt f  Physiol.,  vii.,  p.  43. 
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of  Kiihne1  in  Heidelberg,  and  of  Chittenden2  who  now 
works  independently  of  his  old  master  in  the  laboratory  of 
Yale  University. 

In  his  first  paper  Kiihne  states  in  general  terms  that 
a  solution  containing  a  mixture  of  proteoses  and  peptone 
gives  a  precipitate  of  proteoses  when  saturated  with 
ammonium  sulphate,  the  peptone  remaining  in  solution. 
After  filtration,  the  filtrate  if  set-  aside  will  subsequently  give 
a  further  precipitate  if  more  salt  is  added.  This  has  been 
explained  by  supposing  that  the  saturation  was  in  the  first 
case  incomplete,  or  that  the  peptone  is  partially  changed 
back  into  proteose.  He  proceeds  to  show  that  the  former  is 
the  more  probable  explanation.  There  are  many  precau¬ 
tions  necessary  in  order  to  precipitate  the  last  traces  of 
proteose.  It  is  necessary  in  the  first  instance  to  use  large 
volumes  of  the  saturated  solution  in  addition  to  merely 
adding  crystals  of  the  salt  to  the  proteid  mixture.  Further, 
it  is  found  that  whereas  the  greater  part  of  the  proteose  is 
precipitated  by  the  salt  if  the  reaction  of  the  mixture  is  made 
acid,  the  residue,  which  is  difficult  of  precipitation,  comes 
down  more  readily  if  the  reaction  is  made  alkaline.  It  is 
further  necessary,  after  the  solution  of  peptone  is  obtained, 
to  remove  the  salt  employed  ;  this  may  be  accomplished  by 
the  use  of  barium  carbonate  after  concentration.  If  pan¬ 
creatic  juice  is  used  for  the  preparation  of  peptone,  care 
must  be  taken  to  remove  leucine  and  tyrosine  also.  In 
drying,  concentrating,  etc.,  especially  if  sulphuric  acid  is 
used,  a  brownish  product  is  formed  ;  this  is  minimised  by 
care  in  the  manipulations.  This  substance  is  precipitated 
by  ammonium  sulphate  ;  it  is  not  however  albumose  ;  it 
gives  no  biuret  reaction.  Further,  if  a  precipitate  forms  on 
dialysis,  it  is  not  necessarily  of  proteid  nature ;  if  hard 
water  is  used  it  may  be  calcium  sulphate. 

Pekelharing  does  not  seem  to  have  recognised  the 
necessity  of  these  and  other  precautions  and  details  ;  and, 
moreover,  the  differences  between  peptone  and  proteose 
are  very  striking.  This  aspect  of  the  subject  is  considered 


1  Zeit.  Biol.,  xxix.,  pp.  i  and  308. 


2  fount .  of  Physiol,  xvii.,  p.  48. 
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more  fully  in  Ktihne’s  second  paper.  There  are  not  only 
differences  in  solubility,  but  differences  in  elementary  com¬ 
position,  differences  in  behaviour  to  such  reagents  as 
metaphosphoric  and  trichloracetic  acids  ;  and  peptone  when 
dry  stands  alone  among  the  products  of  proteolysis,  by 

hissing  like  phosphoric  anhyclide  does  on  the  addition  of 
water. 

Chittenden  takes  up  the  matter  from  rather  a  different 
point  of  view.  He  has  considered  it  necessary  to  repeat 
his  old  experiments  with  as  pure  a  specimen  of  proteid  as 
he  has  been  able  to  obtain,  instead  of  using  white  of  egg  or 
other  similarly  impure  raw  materials.  The  proteid  he  has 
selected  is  the  crystallised  globulin  or  vitelhn  from  hemp 
seed.  He  also  entirely  disagrees  with  Pekelharing,  as 
under  these  more  stringent  conditions  he  confirms  his  older 
work  ;  he,  however,  makes  out  a  few  new  points,  and  so  a 
briel  resumd  of  the  entire  paper  may  not  be  unprofitable. 

He  performed  two  separate  digestions  on  a  large  scale, 
one  of  which  was  continued  for  three,  the  other  for  ten 
days,  d  he  products  ol  digestion  were  carefully  separated 
from  one  another  and  analysed ;  their  reactions  are  ex-' 
haustively  described,  including  their  specific  rotatory  power. 
In  separating  proteoses  from  peptone  the  difficulties  of 
manipulation  are  recognised,  and  so  far  as  is  at  present 
possible  obviated.  The  investigation,  however,  lends  no 
support  to  Pekelharing  s  views,  but  is  in  complete  accord¬ 
ance  with  Kiihnes  contention  that  peptone  is  a  definite, 
well-characterised  substance.  Its  amount  increases,  and 
that  of  proteose  diminishes  as  digestion  progresses,  but  an 
ai  tificial  digestion  in  which  all  proteose  is  converted  into 
peptone  has  not  yet  been  obtained.  The  progressive 
changes  from  primary  proteose  to  deutero-proteose  and 
peptone  are  most  marked  in  the  early  stages  of  digestion  ; 
the  disappearance  of  deutero-proteose  and  the  formation  of 
peptone  is  subsequently  a  very  gradual  process. 

In  the  proteolytic  process,  at  least  four  products  of 
hydration  and  cleavage  are  easily  recognisable,  namely, 
proto-proteose,  hetero-proteose,  deutero-proteose  and  pep¬ 
tone.  The  examination  of  the  percentage  composition  of 
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these  substances  shows  a  gradual  and  progressive  falling  off 
of  carbon  as  digestion  progresses.  But  the  tables  given 
show  another  very  noticeable  feature,  and  that  is  that  the 
percentage  composition  of. the  individual  proteoses  differs 
in  the  two  digestions  ;  the  substance  called  proto-vitellose, 
for  instance,  in  the  digestion  carried  on  for  three  days, 
cannot  be  the  same  as  that  with  the  same  name  in  the 
digestion  carried  on  for  ten  days,  although  both  give  the 
same  reactions,  specific  rotation  of  the  plane  of  polarised 
light  alone  excluded.  This  cannot  be  due  to  analytical 
errors ;  a  skilled  investigator  of  Professor  Chittenden’s 
eminence  could  not  fall  into  such  a  mistake ;  besides  other 
proteids,  egg-white,  for  instance,  under  the  influence  of 
superheated  steam  gives  similar  results. 

The  explanation  advanced  is  that  the  four  substances 
named  merely  represent  the  main  steps  in  the  hydration 
process,  but  that  there  are  further  links  in  the  chain  mixed 
with  these,  which  cannot  at  present  be  separated,  and  which 
manifest  the  same  general  chemical  behaviour. 

Such  a  result  is  not  altogether  unexpected ;  it  only 
shows  how,  in  spite  of  the  advance  of  chemistry  as  a  whole, 
it  is  practically  at  a  standstill  so  far  as  the  proteids  are  con¬ 
cerned  ;  nor  can  we  hope  to  understand  the  steps  in  pro¬ 
teolysis  until  the  chemists  are  able  to  give  us  some  idea  of 
the  chemical  constitution  of  the  proteids  which  these  diges¬ 
tive  juices  act  upon. 

One  of  the  properties  alluded  to,  which  the  proteoses 
and  peptones  agree  in  possessing,  is  their  power  of  diffusing 
through  membranes  ;  and  although  these  products  of  diges¬ 
tion  do  not  avail  themselves  of  this  to  the  full,  for  we  never 
find  them  in  the  blood,  it  can  hardly  be  doubted  that  the 
formation  of  diffusible  from  indiffusible  substances  must 
fulfil  some  useful  end.  It  appears  to  be  the  main  object  of 
all  digestion,  whether  of  proteids  or  carbohydrates.  It  may 
be  held  that  it  enables  the  substance  to  be  absorbed  to  start 
on  its  journey,  though  in  the  progress  of  that  journey  blood- 
wards  the  property  in  question  is  lost. 

The  same  two  names  are  associated  with  the  investiga¬ 
tion  of  this  point  with  accuracy.  They  worked  indepen- 
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dently  and  arrived  at  the  same  result.  To  take  Chittenden  1 
first.  He  found  that  the  proteoses  though  diffusible  were 
not  nearly  so  much  so  as  peptone.  A  curious  fact  which 
was  unexpected  was  that  deutero-proteose  is  less  diffusible 
than  proto-proteose.  Proto-gelatose  is  fairly  diffusible,  but 
it  has  a  somewhat  lower  endosmotic  equivalent  than  the 
corresponding  proteose.  Elevation  of  temperature  increases 
the  rate  of  osmosis,  especially  of  the  proteoses. 

I  give  in  conclusion  the  figures  from  Kiihne’s  paper,2 
which  illustrate  these  facts.  Hetero-proteose  is  the  least 
diffusible  of  the  proteoses  ;  in  neutral  saline  solutions  it  is 
precipitated,  and  none  passes  through  the  dialyser  ;  dis¬ 
solved  in  ammonia  it  loses  5^22  percent.  Deutero-proteose 
comes  next  (loss  24*1  per  cent.)  ;  then  proto-proteose  (loss 
28*3  per  cent.)  ;  while  peptone  loses  51  to  51*8  per  cent. 

W.  D.  Halliburton. 


1  Journal  of  Physiol.,  xiv.,  483. 


2  Zeit.  Biol. ,  xxix.,  t. 


BUDDING  IN  TUNICATA. 


HE  differences  between  embryogenesis  and  blasto- 


genesis  have  often  been  insisted  upon,  and  in  no 


group  more  emphatically  than  in  that  of  the  Tunicata. 
The  same  or  homologous  organs  have  been  shown  in  some 
cases,  and  stated  in  others,  to  arise  in  the  larva  from 
ectoderm,  in  the  bud  from  endoderm.  It  has  accordingly 
been  asserted  by  various  writers  that  the  phenomena  of 
budding  are  at  variance  with  the  axioms  of  the  germ-layer 
theory,  and  seriously  impugn  the  validity  of  current  ideas 
upon  the  differentiation  of  the  germinal  layers.  This 
attitude  seems  to  me  to  be  at  all  events  premature.  The 
asserted  irregularities  of  bud  development  have  been  cor¬ 
rected  in  more  than  one  important  instance  ;  and,  with  one 
exception,  the  organs  whose  origin  in  the  bud  has  been 
regarded  as  most  inconsistent  with  the  germ-layer  theory 
are  precisely  those  organs  concerning  the  facts  of  whose 
development  there  is  most  dispute.  Difficulties  and 
doubtful  points  are  plentiful  enough  ;  but,  with  regard  to 
the  former,  I  shall  endeavour  to  show  in  the  present 
article  that  they  have  been  exaggerated  and  are  not 
insuperable  ;  and,  so  far  as  the  latter  are  concerned,  it  will 
naturally  be  necessary  for  us  to  await  the  results  of  renewed 
investigations  before  we  can  arrive  at  any  decisive  con¬ 
clusions  upon  them.  I  shall  be  surprised  it  further  research 
does  not  continue  to  remove  the  apparent  discrepancies 
between  bud  and  larval  development,  although  it  is  far 
from  my  intention  to  prejudge  the  important  points  at 
issue.  It  is  rather  my  desire  by  attempting  a  critical 
summary  of  our  existing  knowledge  to  facilitate  to  some 
extent  the  solution  of  the  debated  points. 

i.  The  Participation  of  the  Germ-layers.  —  In  diploblastic 
animals  budding  is  reduced  to  its  simplest  terms.  In  the 
calcareous  sponges,  for  example,  every  stage  can  be  traced 
between  mere  sacculation  of  the  body  wall — involving  out¬ 
growths  of  both  germ-layers — and  the  complete  formation 
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of  osculum-bearing  persons.  No  simpler  type  of  budding 
can  be  conceived  than  that  exhibited  by  the  Asconidae.  In 
the  Hydrozoa  the  phenomena  are  practically  identical.  An 
attempt  was  made,  it  is  true,  by  Albert  Lang  (18),  one  of 
Weismann  s  pupils,  to  derive  the  buds  of  Hydroidea  from 
the  ectoderm  alone  ;  but  the  recent  researches  of  Seeliger 
(28)  have  fully  confirmed  our  earlier  ideas  upon  the 
subject.  Budding  in  Hydrozoa  involves  the  participation 
ol  both  germ-layers.  The  buds  of  the  Diploblastica  are 
two-layered. 

It  is  not  an  object  of  the  present  article  to  make  a  general 
survey  of  budding  in  the  Triploblastica.  So  far  as  the 
Tunicata  are  concerned,  no  fact  has  been  more  clearly 
established  than  this, — that  in  every  one  of  the  different 
types  of  budding  found  within  the  group  the  two  primary 
germ-layers  of  the  parent  directly  participate  ;  the  ectoderm 
and  endoderm  of  the  buds  are  direct  prolongations  of  the 
corresponding  layers  of  the  parent.  The  only  instance  that 
is  likely  to  be  cited  as  an  exception  to  this  statement  is  that 
of  the  Botryllidae,  where  the  inner  layer  of  the  bud  is  a 
prolongation  of  the  atrial  epithelium  of  the  parent.  Hjort 
(9»  IO)  maintains  that  the  inner  layer  is  consequently  of 
ectodermal  origin,  a  point  which,  if  true,  would  render 
utterly  useless  any  attempt  to  reconcile  the  phenomena  of 
blastogenesis  in  7  unicata  with  the  theory  of  differentiated 
germinal  layers,  since  the  whole  of  the  pharynx  and 
digestive  tract  of  the  bud  is  derived  from  the  internal  layer. 
Hjort  s  conclusion,  however,  is  founded  entirely  on  the 
analogy  of  those  Ascidians  in  which  the  peribranchial 
chambers  have  been  shown  to  be  derived  from  ectodermal 
involutions  ;  whereas  it  has  been  shown  by  Pizon  (20) 
that  in  the  embryos  of  Botryllidae  the  peribranchial 
chambers  are  exclusively  derived  from  endodermal  diver¬ 
ticula.  It  is  the  old  story  of  the  subtlety  of  nature 
exceeding  the  subtlety  of  human  wit. 

But  the  buds  of  Tunicata  are  not  built  up  exclusively 
from  the  two  primary  layers.  In  all  cases  which  have  been 
properly  examined  some  derivatives  of  the  mesoblastic 
tissues  of  the  parent  are  also  included  within  the  bud, 
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between  the  endodermal  vesicle  and  the  ectodermal 
envelope.  These  derivatives  generally  take  the  form 
of  wandering  mesenchyme  cells,  and  are  swept  along 
between  the  two  primary  layers  by  the  force  of  the 
maternal  blood  current.  Many  of  them  become  applied  to 
the  epithelial  walls  of  the  developing  bud,  and  build  up  its 
musculature  and  other  skeletotrophic  tissues. 

The  Tunicate  bud  in  its  typical  form  may  accordingly  be 
said  to  consist  of  two  epithelial  vesicles  one  inside  the  other, 
and  of  a  certain  quantity  of  mesenchymatous  tissue  between 
the  vesicles.  The  two  vesicles  are  derived  by  evagination 
from  the  two  primary  layers  of  the  parent,  and  are  at  first 
in  direct  continuity  with  them  ;  the  mesenchyme  is  also 
derived  from  the  corresponding  tissue  of  the  parent.  Even 
in  the  minute  ventral  buds  of  Distaplia  Salensky  (25)  has 
recently  shown  that  several  parental  mesenchyme  cells  are 
included  which  furnish  the  rudiment  of  the  future  mesodermal 
tissues.  On  the  other  hand  the  statements  of  Korotneff 
(12)  upon  the  triploblastic  nature  of  the  buds  of  Dolchinm 
must  be  accepted  very  cautiously  ;  for  not  only  are  we 
without  any  actual  evidence  as  to  the  origin  of  the  three 
elements  he  describes,  but  their  later  fate  renders  the  nature 
which  Korotneff  has  ascribed  to  them  extremely  doubtful. 

So  far  as  the  evidence  goes,  therefore,  the  Tunicate  bud 
is  composed  of  derivatives  of  the  three  germ-layers  ;  and  in 
this  group  of  the  Triploblastica  at  any  rate  the  process  of 
blastogenesis  is  in  complete  harmony  with  the  germ-layer 
theory  so  far  as  the  constitution  of  the  buds  is  concerned. 

Nevertheless,  although  I  am  not  aware  that  any 
investigator  has  satisfactorily  established  any  instance  of  a 
Tunicate  bud  possessing  an  organisation  simpler  than  this, 
it  is  an  interesting  fact  that  in  certain  cases  the  bud  exhibits 
a  greater  complexity.  In  the  four  primary  ascidiozooids  of 
Pyrosoma ,  for  example,  not  only  are  the  general  ectoderm, 
endoderm,  and  mesoderm  of  the  parent  cyathozooid  pro¬ 
longed  to  form  the  corresponding  tissues  of  the  buds,  but  a 
pair  of  special  prolongations  of  the  peribranchial  sacs  is  also 
contained  in  the  developing  stolon.  Instead  of  being 
triploblastic,  the  buds  become  actually  four-layered  in  this 
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case,  owing  to  the  addition  of  another  element  or  organ- 
process  to  the  three  layers  typically  present.  In  Salpa  also 
the  buds  are  four-layered  from  the  beginning.  The  peri- 
branchial  sacs  of  the  stolon,  unlike  those  of  the  primary 
ascidiozooids  of  Pyrosoma ,  develop  quite  independently  of 
the  parental  organ  ;  but  a  genital  rod  derived  from  the 
parent  is  present  throughout  the  stolon  and  supplies  a  fourth 
element  to  each  of  the  buds.  It  is  true  that  this  particular 
element  takes  little  or  no  part  in  the  formation  of  the 
somatic  tissues  of  the  bud  ;  but,  as  the  presence  of  generative 
organs  is  a  characteristic  feature  of  the  asexual  generation 
of  Salps,  it  is  important  to  observe  that  these  organs  are  not 
secondarily  developed  from  one  of  the  primary  layers  of  the 
bud  but  are  directly  derived  from  the  preceding  genera¬ 
tion.  This  transference  of  reproductive  elements  from  one 
generation,  either  sexual  or  asexual,  to  another,  which  is 
always  produced  by  budding,  is  a  striking  feature  of  Tunicate 
blastogenesis.  It  has  been  thoroughly  established  in  several 
forms,  eg.,  Salpa  (Brooks),  the  secondary  ascidiozooids  of 
Pyrosoma  (Joliet,  Seeliger),  Botryllus  (Pizon) ;  and  it  possibly 
occurs  also  in  other  forms  such  as  Clavelina  and  Perophora , 
although  the  similarity  between  the  young  germ-cells  and 
the  general  mesenchyme  of  these  types  has  hitherto  pre¬ 
vented  any  exact  demonstration  of  the  point. 

The  constitution  of  the  bud  would  appear  to  be  still  more 
complicated  in  the  genus  Doliohmi.  Both  Grobben  (8b) 
and  Uljanin  (3 1 )  state  that  in  this  form  the  ectoderm  envelope 
encloses  as  many  as  five  separate  kinds  of  embryonic 
elements,  of  which  some  are  unpaired  and  some  paired, 
d  he  origin  and  fate  of  these  constituents,  however,  is  still 
so  imperfectly  ascertained  that  it  seems  to  me  to  be  altogether 
impossible  to  make  any  detailed  use  of  the  current  statements 
upon  the  budding  of  Doholum.  It  seems  to  be  fairly  well 
established,  however,  that  the  stolon  (and  buds)  of  Doliolum 
contain  two  pairs  of  prolongations  from  the  pharynx  and 
cloaca  of  the  parent,  and  an  unpaired  outgrowth  of  the 
parental  mesoderm.  The  paired  outgrowths  of  the  pharynx 
I  regard  as  homologous  with  the  epicardial  tubes  of 
Ascidians,  and  the  diverticula  from  the  cloaca  readily  lend 
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themselves  for  comparison  with  the  paired  cloacal  or  peri- 
branchial  canals  of  the  primary  ascidiozooids  of  Pyrosoma. 
Uljanin’s  statements  that  the  pharyngeal  outgrowths  give 
rise  partly  to  the  genital  glands,  and  that  the  cloacal  out¬ 
growths  furnish  the  rudiments  of  the  musculature  and 
nervous  system  of  the  bud,  are,  however,  most  improbable. 
There  is  no  inherent  difficulty  in  the  origin  of  the  nervous 
system  from  the  cloacal  outgrowths,  since  the  cloaca  of 
Doliolum  is  an  ectodermal  structure  ;  but  it  is  impossible  to 
believe,  upon  the  strength  of  Uljanin’s  optical  sections  alone, 
that  a  special  pair  of  cloacal  prolongations  gives  rise  to  the 
musculature  as  well  as  the  nervous  system,  especially  as 
both  Grobben  and  Uljanin  assure  us  that  the  stolon  actually 
contains  a  special  mesodermal  rudiment.  Both  authors  trace 
the  development  of  the  pericardium  from  this  element,  and 
Grobben  derives  the  general  musculature  from  it  also.  It 
is  pardonable,  therefore,  if  we  refrain  for  the  present  from 
assenting  to  Uljanin’s  discordant  conclusions  upon  the  fate 
of  the  cloacal  outgrowths.  We  cannot  in  this  case  apply  the 
same  general  considerations  in  support  of  a  common  origin 
of  nerve  and  muscle  from  the  ectoderm  that  were  originally 
urged  in  favour  of  Kleinenberg’s  contention  in  the  case  of 
Lopadorhynchus .  Kleinenberg’s  views,  I  believe,  have 
failed  to  be  confirmed,  reasonable  as  was  the  position  of  their 
author  ;  but  the  particular  mode  of  origin  described  by 
Uljanin  in  Doliolum  is  altogether  unprecedented  and 
circuitous.  Recent  research,  moreover,  has  shown  con¬ 
clusively  in  the  case  of  Salpa  (Brooks  and  Korotneff), 
Pyrosoma  and  Distaplia  (Salensky)  that  the  neural  rod  in 
the  stolons  of  these  forms  is  a  local  differentiation  of  the 
ectoderm  at  the  base  of  the  stolon  ;  and  I  am,  therefore, 
strongly  inclined  to  believe  that  the  neural  rudiment  in  the 
stolo  prolifer  of  Doliolum  will  also  eventually  be  traced  to 
an  early  proliferation  of  the  thickened  ectoderm  which  marks 
the  site  of  the  commencing  stolon.1  Criticism  thus  drives 
us  back  from  Uljanin’s  conclusions  to  the  position  pre¬ 
viously  occupied  by  Grobben  as  to  the  nature  of  the 


1  Grobben,  taf.  iv.,  fig.  22  ;  Uljanin,  taf.  viii.,  figs.  4  and  5. 


48 


SCIENCE  PROGRESS. 


cloacal  diverticula.  They  may  be  regarded,  at  any  rate 
provisionally,  as  the  forecasts  of  the  cloacal  chamber  of  the 
future  zooid, — a  view  which  would  justify  the  comparison  I 
have  drawn  above  between  them  and  the  otherwise  unique 
peribranchial  canals  of  the  Pyrosoma  stolon. 

It  is  also  very  difficult  to  accept  Uljanin’s  account  of  the 
fate  of  the  pair  of  pharyngeal  outgrowths.  According  to 
this  investigator  each  of  these  elements  soon  divides,  and 
one  of  the  portions  unites  with  its  counterpart  to  form  the 
unpaired  rudiment  of  the  pharynx  and  alimentary  canal  of 
the  bud,  while  the  remaining  parts  constitute  the  paired 
forecasts  of  the  genital  gland.  Analogy  is  altogether 
against  such  a  state  of  things  as  this.  In  no  other  Tunicate 
do  the  pharyngeal  outgrowths  ( =  epicardial  tubes)  give  rise 
to  the  generative  glands.  These  invariably  arise  either 
from  the  mesoderm,  after  its  differentiation  from  the 
endoderm,  or  directly  from  the  generative  gland  of  the 
parent.  Grobben’s  statement  that  the  alimentary  canal  and 
generative  organs  of  the  bud  arise  from  parental  elements 
which  are  distinct  from  the  first  is  much  more  likely  to  be 
true,  since  it  has  the  force  of  analogy  in  support  of  it. 

Be  this  as  it  may,  it  is  quite  clear  that  in  the  formation 
of  buds  in  the  Tunicata  all  three  germ-layers  of  the  parent 
participate.  In  the  simplest  cases  the  bud  is  composed  of 
the  three  undifferentiated  layers  alone  (eg.,  Clavelina , 
Distapha ,  Amarcecmm ,  Perophora )  ;  but  in  the  majority  of 
instances  the  bud  consists  in  its  earliest  stages  of  parental 
material  which  has  already  undergone  differentiation  to  a 
greater  or  less  degree.  In  these  cases  the  bud  consists  of 
an  aggregation  of  a  number  of  organ-rudiments  instead  of 
the  three  undifferentiated  layers  ;  and  in  all  satisfactorily 
investigated  cases  the  special  elements  of  which  the  bud  is 
composed  are  direct  prolongations  or  derivatives  of  the 
corresponding  organs  of  the  parent.  The  nervous  system 
seems  rarely  to  be  prolonged  into  the  bud  in  this  manner, 
but  to  be  derived  anew  by  delamination.  Diploso?na ,  how¬ 
ever,  furnishes  an  exception  to  this  rule,  as  the  recent 
researches  of  Salensky  (27)  show ;  and  Pizon  has 
endeavoured  to  make  out  the  same  phenomenon  in  the 
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case  of  Botrylius  (20).  The  other  organs  or  tissues  of 
the  bud  which  may  be  produced  directly  from  the  parental 
organs  are  —  1.  The  peribranchial  chambers,  eg.,  primary 
ascidiozooids  of  Pyrosoma ,  Doliolum  (?)  ;  2.  the  peri¬ 

cardium,  eg.,  Pyrosoma ,  Salpa.  (In  Doliolum  the  peri¬ 
cardium  of  the  larva  and  the  pericardial  rudiment  of  the 
stolon  are  separated  off  from  the  mesoblastic  bands  at  the 
same  time  and  in  juxtaposition.)  3.  The  genital  glands, 
eg.,  Pyrosoma ,  Salpa ,  Doliolum  (?),  Botrylius. 

The  two  kinds  of  budding  which  have  just  been 
described  are  sufficiently  distinct  to  be  entitled  to  receive 
appropriate  names,  and  the  nature  of  the  distinction  would, 
I  think,  be  adequately  indicated  by  the  use  of  the  terms 
“  differentiate  ”  and  “  undifferentiate  ”  in  connection  with 
them.  By  “  differentiate  budding  ”  I  mean  the  production 
of  buds  by  means  of  a  number  of  special  prolongations  of 
the  differentiated  parental  organs  ;  and  by  “  undifferentiate 
budding  ”  the  production  of  buds  by  means  of  the  three  un¬ 
differentiated  germinal  layers  alone.  Botrylius  furnishes  a 
connecting  link  between  the  two  types.  In  this  form  the  first 
few  generations  of  buds  are  produced  upon  the  undifferen¬ 
tiate  plan,  but  in  later  generations  the  participating  meso¬ 
derm  is  differentiated  to  some  extent — the  genital  cells  no 
longer  arise  from  the  mesoderm  proper  to  the  bud,  but,  as 
Pizon  has  shown,  are  transferred  in  a  more  or  less  matured 
condition  from  one  generation  to  another.  In  Clavelina , 
also,  the  mesodermal  organs  of  the  bud  are  derived  from 
two  distinct  sources — the  musculature,  connective  tissue,  and 
blood  from  the  mesenchyme  of  the  parent,  the  pericardium 
and  heart,  on  the  other  hand,  from  the  endodermal 
(epicardial)  prolongation.  In  spite  of  the  absence  of  a 
sharp  demarcation  between  the  two  modes  of  budding,  I 
think  it  desirable  to  emphasise  the  contrast  between  the 
more  typical  cases  ;  and  it  is  a  most  noteworthy  fact  that 
while  the  “  undifferentiate  ”  type  is  especially  characteristic 
of  the  fixed  Ascidians  (Ascidiacea),  the  “  differentiate”  type 
is  peculiar  to  the  pelagic  forms  (Thaliacea).  Botrylius ,  on 
account  of  the  continuity  of  its  germinal  cells  through 
successive  generations,  furnishes  an  interesting  instance 
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among  the  fixed  Ascidians  of  a  phenomenon  of  blasto- 
genesis  which  reaches  its  most  striking  development  in  the 
Thaliacea  (especially  Pyrosoma  and  Salpa). 

At  the  present  moment  I  do  not  wish  to  prejudice  the 
question  as  to  which  of  these  types  of  budding  is  the  more 
primitive.  One  is  always  inclined  to  regard  the  simpler  of 
any  two  phenomena  of  the  same  kind  as  the  more  primitive, 
and  on  this  account  the  “  undifferentiate  ”  type,  character¬ 
istic  of  the  Ascidiacea,  at  first  sight  naturally  appears  to  be 
the  primitive  form  of  asexual  reproduction,  of  which  the 
‘ ‘ differentiate ”  type  is  a  later  and  secondary  elaboration.  The 
question  cannot  be  adequately  discussed,  however,  before  a 
fuller  survey  of  the  phenomena  has  been  made  ;  and  the 
treatment  of  it  will  therefore  be  postponed  to  a  later  section 
of  this  article. 

2.  The  Origin  of  Special  Organs  in  the  Bud . — Remarks 
have  been  made  in  the  preceding  section  which  indicate  that 
the  same  or  homologous  organs  may  develop  in  the  buds  of 
different  types  by  processes  which  are  not  always  identical, 
and  that  these  may  also  be  dissimilar  from  the  processes 
typical  of  embryonic  development.  The  literature  upon  the 
subject  is  full  of  such  instances  ;  and  even  if  only  half  of  these 
asserted  instances  are  actually  true,  development  by  budding 
must  be  regarded  as  capricious  and  irregular  to  an  extra¬ 
ordinary  degree.  The  writer  who  endeavours  to  trace  the 
order  underlying  a  mass  of  conflicting  statements  about 
phenomena  which  in  themselves  are  remarkably  varied,  has 
to  avoid  a  double  danger, — the  risk  of  wasting  his  efforts  by 
an  excess  of  timidity  in  dealing  with  the  materials  before 
him,  and  the  tendency  to  constrain  the  facts  into  a  system 
more  rigid  and  narrow  than  nature  has  prescribed.  In  the 
present  case  I  scarcely  hope  to  be  successful  in  avoiding  both 
these  dangers  ;  but  it  certainly  seems  most  desirable  that 
some  attempt  should  be  made  to  estimate  the  value  of  the 
conflicting  statements  which  exist,  and  to  systematise  the 

facts  which  appear  to  have  been  most  satisfactorily  ascer¬ 
tained. 

The  development  of  the  peribranchial  sacs  has  perhaps 
furnished  the  chief  difficulty  in  attempts  to  apply  the  germ- 
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layer  theory  to  the  process  of  blastogenesis  in  Tunicata.  The 
ectodermal  origin  of  the  peribranchial  involutions  in  Pyrosoma 
and  many  Ascidians,  and  the  analogy  of  Amphioxus ,  have  in¬ 
duced  many  authors  to  regard  these  organs  as  universally 
ectodermal.  On  the  other  hand  no  fact  has  been  more 
frequently  demonstrated  than  the  endodermal  origin  of  the 
peribranchial  chambers  in  the  Ascidian  bud.  The  incon¬ 
sistency  of  this  fact  with  the  above-mentioned  view  of  the 
ectodermal  nature  of  the  organs  has  accordingly  led  many 
writers  to  give  up  any  attempt  to  reconcile  the  phenomena 
of  budding  with  the  germ-layer  theory  which  has  sprung 
out  of  modern  embryological  research.  There  is,  however, 
a  less  desperate  way  out  of  the  difficulty  before  us.  It  is 
possible  that  the  peribranchial  sacs  are  not  entirely  ecto¬ 
dermal  by  nature :  there  still  remains  the  view,  propounded 
in  the  first  instance,  I  believe,  by  Fol  (7),  that  the  peribran¬ 
chial  sacs  of  Ascidians  correspond  to  the  branchial  canals 
of  Appendicularians,  and,  therefore,  to  a  pair  of  gill-slits 
formed  by  the  union  of  a  pair  of  ectodermal  involutions  with 
a  pair  of  endodermal  outgrowths.  The  nature  of  the  peri¬ 
branchial  sacs,  according  to  this  view,  is  neither  purely 
ectodermal  nor  purely  endodermal,  but  a  mixture  of  both. 
Van  Beneden  and  Julin  (3)  endeavoured  to  establish  this  view 
as  a  result  of  their  classical  researches  upon  the  development 
of  Clavelina  ;  in  embryos  of  this  form  the  peribranchial  sacs 
seemed  to  them  to  be  developed  from  both  germ-layers. 
Their  statements  upon  this  point,  however,  have  recently 
been  controverted  both  by  Willey  (32)  and  Seeliger  (30),  who 
maintain  that  the  peribranchial  sacs  are  formed  from  ecto¬ 
dermal  involutions  alone.  Yet  the  mistake  must  not  be  made 
on  this  account  of  imagining  that  Fobs  suggestion  as  to  the 
primitively  double  origin  of  the  peribranchial  sacs  derives 
no  further  support  from  embryology.  In  Salpa ,  according  to 
the  recent  work  of  Korotneff  (14)  and  the  older  researches  of 
Salensky  (23),  the  cloacal  cavity  is  directly  derived  from  that 
of  the  pharynx  ;  and  since  its  walls  are  stated  to  be  formed 
from  the  same  layer  as  those  of  the  pharynx  (the  endodermal 
histogenes  of  Korotneff),  there  seems  to  be  some  evidence 
that  in  this  form  at  any  rate  the  cloacal  and  peribranchial 
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cavities  are  not  of  ectodermal  origin.  It  would  be  unwise, 
however,  to  attach  too  much  weight  at  present  to  inferences 
drawn  from  the  embryology  of  Salpa ,  since  extensive 
secondary  changes  render  the  interpretation  of  its  develop¬ 
ment  a  work  of  unusual  difficulty.  But  no  objection  of  this 
kind  can  be  urged  with  regard  to  the  embryology  of 
Botryllus.  In  this  peculiar,  and,  as  I  think,  primitive  type 
of  Ascidians,  Pizon  (20)  showed  a  couple  of  years  ago  that  the 
cloaca  and  peribranchial  chambers  result  entirely  from  the 
transformation  of  a  pair  of  diverticula  from  the  endodermal 
vesicle  (or  primitive  pharynx)  of  the  larva.  The  only 
ectodermal  element  is  provided  by  the  lips  of  the  cloacal 
aperture.  Pizon’s  observations  have  not  hitherto  been 
confirmed,  but  from  the  researches  on  this  interesting  form 
upon  which  I  am  myself  engaged,  I  am  inclined  to  attach 
full  value  to  his  principal  results.  It  certainly  seems 
unjustifiable  on  the  part  of  Hjort  (10)  to  decline  to  believe 
Pizon’s  statements  on  the  sole  ground  that  in  Phallusia  and 
Clavelina  the  development  of  the  peribranchial  chambers 
takes  place  differently. 

m 

I  hus,  apart  from  general  considerations,  there  is  some 
direct  evidence  that  the  peribranchial  sacs  in  Tunicate 
embryos  are  occasionally  endodermal  in  origin  ;  and  this 
lends  corresponding  support  to  the  views  which  Fol,  Van 
Beneden  and  Julin  have  expressed  as  to  the  homologies 
and  nature  of  these  structures.  It  is  true  that  there  is  no 
clearly  established  case,  either  among  buds  or  larvae,  in 
which  the  peribranchial  sacs  have  been  shown  to  arise  from 
both  elements  ;  but  a  little  consideration  will  show  that  this, 
is  no  insuperable  objection  to  the  theory  of  their  primitively 
double  origin.  For  when  the  primitive  pair  of  gill-slits  lost 
their  cilia  (as,  for  example,  has  undoubtedly  occurred  in  the 
Appendicularian  Kowalevskia ) ,  and  dilated  to  assume  the 
functions  of  mere  channels  for  the  currents  of  water  passing 
through  the  newly-formed  pharyngeal  stigmata,  there  is 
every  reason  to  expect  that  the  circuitous  mode  of  develop¬ 
ment  by  the  participation  of  both  layers — which  was 
inherited  in  their  earlier  phases,  would  be  replaced  by  a 
more  direct  and  simpler  process.  One  of  the  two  elements 
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would  gradually  predominate  to  the  exclusion  of  the  other, 
so  that  the  entire  water-channel  on  each  side  would 
eventually  develop  from  one  instead  of  both  of  the  layers. 
There  is  no  apparent  reason  why  the  predominating 
element  should  in  all  cases  have  been  the  ectoderm  ;  and  I 
Tregard  Bo  try  llns,  and  possibly  Salpa  too,  as  one  of  the 
forms  in  which  the  endodermal  portion  of  the  primitive 
gill-slit  has  enlarged  to  form  the  whole  of  the  peribranchial 
sac. 

It  will  be  admitted  that  if  the  theory  which  I  have  here 
set  forth  upon  the  phylogeny  of  the  cloaca  and  peribranchial 
sacs  is  true,  the  variable  origin  of  these  structures  in  the 
buds  of  Tunicata  ceases  to  offer  any  serious  difficulty.  In 
the  buds  of  all  fixed  Ascidians  so  far  investigated  these 
organs  arise  as  outgrowths  from  the  endoderm  ;  while  in 
Pyrosoma,  Anchinia ,  and  Dolchinia  they  undoubtedly  arise 
from  the  ectoderm.  If  the  theory  in  question  be  admitted, 
not  only  does  this  diversity  of  origin  cease  to  be  incon¬ 
sistent  with  the  doctrine  of  germinal  layers,  but  it  actually 
furnishes  an  additional  and  striking  argument  in  its  support. 

With  regard  to  the  development  of  the  stigmata  in  the 
bud,  I  have  elsewhere  shown  that  it  represents  a  simple 
abbreviation  of  the  phylogenetic  mode  of  origin,  which  is 
recapitulated  in  the  embryos  of  certain  types  (8). 

The  endodermal  origin  of  the  pericardium  and  heart  in 
the  buds  of  certain  Tunicata  (eg.,  Clave  Lina,  Circinahum , 
Botryllus  (?),  Anchinia ,  Dolchinia)  can  scarcely  be  regarded 
as  a  very  serious  difficulty.  Not  only  is  a  similar  origin 
ascribed  to  these  organs  in  the  embryos  of  Clavelina 
(Seeliger,  Van  Beneden  and  Julin);  but,  as  the  mesoderm 
itself  is  derived  from  the  endoderm,  the  independent  origin 
of  the  heart  from  the  same  layer  can  be  readily  interpreted 
as  an  instance  of  precocious  segregation.  It  is  desirable, 
however,  that  future  investigators  should  examine  this  point 
with  particular  caution.  In  the  buds  of  Botryllus  the 
development  of  the  heart  has  been  described  independently 
by  Hjort,  Oka,  and  Pizon,  and  there  is  a  considerable 
difference  between  their  accounts.  Pizon  (20)  states  that 
the  pericardial  vesicle  is  derived  as  a  diverticulum  from  the 
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primitive  endodermal  vesicle;  Oka  (19),  from  the  junction 
between  the  pharynx  and  left  peribranchial  sac  ;  whereas 
Hjort  (9)  maintains  that  the  pericardial  rudiment  is  not  an 
outgrowth  of  the  inner  layer  at  all.  It  is  possible  in  this 
case,  as  Salensky  suggests,  that  Pizon  has  not  really  seen 
the  earliest  stage  of  the  pericardium.  Salensky’s  obser¬ 
vations  on  the  buds  of  Distaplia  (25),  together  with  those  of 
Hjort  on  Botryllus ,  tend  to  show  that  the  pericardium,  in 
some  cases  at  any  rate,  may  arise  by  the  grouping  of 
mesoderm  cells  without  any  connection  with  the  endoderm  ; 
though  it  is  impossible  to  make  a  positive  statement  with 
regard  to  either  of  the  above  instances.  On  the  other 
hand,  the  mesoblastic  origin  of  the  pericardium  and  heart 
is  perfectly  clear  in  the  buds  of  Pyrosoma ,  Salpa,  and 
Doliolum .  In  the  two  first  cases  the  constituent  cells  are 
derived  directly  from  the  pericardium  of  the  parent  ;  in 
Doliolum  from  the  mesodermal  element  of  the  stolon,  which 
is  nipped  off  from  the  mesoblastic  bands  of  the  larva. 

The  musculature  of  Tunicate  buds  seems  to  be  derived 
from  the  mesoblast  cells  lying  between  the  two  primary 
layers — if  we  except  Uljanin’s  statements  with  regard  to 
Doliolum ,  which  have  been  criticised  above.  Pizon’s  state¬ 
ments  concerning  the  existence  of  a  special  band  of 
ectoderm  cells  which  give  rise  by  proliferation  to  the 
wandering  mesoblast  cells  in  Botryllus  are  entirely  without 
parallel,  so  that  it  is  impossible  to  accept  them  until  further 
evidence  is  forthcoming.  It  must  be  remembered,  more¬ 
over,  that  this  proliferation  of  the  ectoderm  has  also  been 
observed  by  Oka,  who  states  that  the  cells  so  derived 
reunite  beneath  the  dorsal  tube  to  form  the  dorsal  nerve- 
cord.  This  assertion,  although  opposed  by  Pizon  in  an 
appendix  to  his  paper  on  Botryllus ,  appears  to  be  still 
worthy  of  consideration. 

The  origin  of  the  nervous  system  in  the  bud  must  next 
engage  our  attention.  Kowalevsky  (16)  and  other  earlier 
investigators  derived  the  nervous  system  from  the  roof 
of  the  endodermal  vesicle,  as,  for  example,  in  Distaplia 
sty  lifer  a  (  =  Didemnum  styliferum  of  Kowalevsky),  and 
Amarcecium .  Seeliger,  on  the  other  hand,  in  the  case  of 
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the  secondary  ascidiozooids  of  Pyrosoma  (29),  derives  the 
nervous  system  from  the  mesoblast  ;  and  attributes  a 
common  origin  to  the  nervous  system  and  genital  cells. 
Such  an  origin,  if  true,  would  be  extremely  remarkable  ;  it 
may  be  compared  with  the  recent  observations  of  Korotneff, 
who  states  (12)  that  in  the  buds  of  Dolchinia  also  the  nervous 
system  and  genital  cells  are  derived  from  a  common 
rudiment,  although  in  this  case  the  common  rudiment  is 
imagined  to  be  endodermal.  It  must  be  borne  in  mind, 
however,  that  the  nature  which  Korotneff  attributes  to  the 
three  primary  elements  which  he  describes  in  the  buds  of 
Dolchinia  is  purely  hypothetical.  And,  so  far  as  Seeliger’s 
statements  are  concerned,  it  is  in  the  highest  degree 
probable  that  the  ectodermal  origin  of  the  nervous  system 
which  has  been  recently  demonstrated  in  the  case  of  Salpa 
by  Brooks  (4)  and  Korotneff  (14),  and  in  Distaplia  and  the 
primary  ascidiozooids  of  Pyrosoma  by  Salensky  (24,  25),  will 
eventually  be  extended  to  the  secondary  buds  of  Pyrosoma. 
It  is  also  very  probable  that  Kowalevsky’s  account  of  the 
development  of  the  nervous  system  in  Distaplia  sty  lifer  a  is 
not  altogether  accurate.  In  the  ventral  buds  of  a  species  of 
the  same  genus  Salensky  has  recently  shown  that  the  nervous 
system  develops  from  a  pair  of  large  ectoderm  cells,  which 
are  differentiated  very  early  in  the  formation  of  the  stolon, 
and  then  sink  beneath  the  general  ectoderm.  If,  as  is 
probable,  a  similar  mode  of  development  also  occurs  in  the 
posterior  buds,  it  is  doubtful  whether  the  methods  employed 
by  Kowalevsky  would  have  enabled  him  to  recognise  it  ; 
and  I  am  inclined  to  think  that  he  has  mistaken  for  the 
dorsal  nerve-cord  an  associated  organ  which  will  be  referred 
to  below  as  the  dorsal  tube,  and  which  is  undoubtedly  of 
endodermal  origin.  The  observations  of  Van  Beneden 
and  Julin  upon  the  ectodermal  origin  of  the  nervous  system 
in  the  buds  of  Clavehna ,  a  form  which  is  nearly  allied  to 
Distaplia ,  support  this  idea  ;  but,  as  pointed  out  by  Pizon, 
the  stages  described  by  these  investigators  were  not 
sufficiently  complete  to  justify  us  in  accepting  their  results 
upon  this  point  until  further  evidence  has  been  obtained. 

We  now  come  to  Botryllus ,  an  exceedingly  interesting 
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form,  about  which  is  being  waged  at  present  a  controversy 
which  must  be  crucial  in  its  results.  The  question  turns 
upon  the  relation  between  the  neural  tube  and  the  so-called 
hypophysis  or  subneural  gland.  The  existence  of  this 
organ,  which  lies  beneath  the  brain  in  most  Ascidians,  has 
long  been  known  ;  but  its  significance  has  been  the  subject 
ol  much  dispute.  It  has,  however,  usually  been  regarded 
as  a  diverticulum  of  the  anterior  part  of  the  pharynx, 
homologous  with  the  hypophysis  of  Vertebrata.  Pizon  has 
shown  that  in  the  larvae  as  well  as  in  the  buds  of  Botryllus 
this  organ  arises  as  a  forwardly  directed  tubular  diverticulum 
from  the  dorsal  side  of  the  hinder  part  of  the  primitive 
cndodermal  vesicle  j  and  that  after  effecting  a  secondary 
union  with  the  wall  of  the  pharynx  anteriorly,  it  loses  its 
primary  communication  with  the  endoderm,  and  gradually 
atrophies  from  behind  forward  until  only  its  anterior  portion 
is  left.  This  persisting  portion  becomes  the  subneural  gland 
and  ciliated  vesicle  of  the  adult  Ascidian.  To  the  primary 
diverticulum,  in  its  whole  extent,  Pizon  has  given  the  descrip¬ 
tive  name  “  dorsal  tube  5 .  In  the  bud,  Pizon  shows  that  the 
cloaca  and  peri  branchial  sacs  are  not  formed  independently 
of  one  another,  but  are  constricted  off.  from  the  dorsal  side 
of  the  primitive  endodermal  vesicle  as  a  single  saddle-shaped 
vesicle.  It  follows  from  the  posterior  situation  of  the 
divei  ticulum,  which  gives  rise  to  the  dorsal  tube,  that  the 
latter  also  becomes  removed  from  the  pharyngeal  vesicle 
pai  i  passu  with  the  separation  of  the  cloacal  vesicle.  In  this 
way  the  dorsal  tube  presents  itself  in  later  stages  of  develop¬ 
ment  as  a  diverticulum  of  the  anterior  wall  of  the  cloaca. 
Pizon  s  observations  upon  all  these  points  in  the  budding  of 
Botryllus  were  fully  confirmed  by  the  independent  researches 
of  Hjort,  whose  general  conclusions,  however,  are  marred 
by  his  assumption  of  the  ectodermal  origin  of  the  inner  (or 
endodermal)  vesicle.  Hjort’s  attitude  with  regard  to  this 
point  has  already  been  discussed.  When  we  pass  from  the 
development  of  the  dorsal  tube  to  consider  the  origin  of  the 
nervous  system  itself,  we  discover  serious  differences  between 
the  accounts  of  the  two  investigators.  Hjort  maintains  that 
the  brain  of  the  Botryllus  bud  is  produced  by  local  differen- 
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tiation  of  the  ventral  wall  of  the  anterior  part  of  the  dorsal 
tube  ;  that  is,  that  the  brain  is  of  endodermal  origin, — if  our 
interpretation  of  the  layers  of  the  Botryllus  bud  is  correct. 
Pizon,  on  the  other  hand,  is  equally  sure  that  the  brain  and 
dorsal  nerve  cord  have  an  origin  altogether  distinct  from  the 
dorsal  endodermal  tube.  According  to  him  the  nerve  tube 
is  recognisable  as  a  slender  thread  of  considerable  length  in 
the  stages  in  which  the  dorsal  tube  has  acquired  its  anterior 
opening  into  the  pharynx,  and  has  not  yet  lost  its  primitive 
posterior  communication,  and  in  which  the  saddle-shaped 
cloacal  and  peribranchial  vesicle  is  separated  from  the 
pharyngeal  vesicle.  Anteriorly  the  nerve-cord  lies  close 
beneath  the  dorsal  tube  ;  but  posteriorly  the  two  are 
separated  from  each  other  by  the  cloacal  sac.  The  dorsal 
tube  terminates  almost  immediately,  but  the  nerve-cord  is 
continued  for  some  little  distance  backwards  between  the 
gut  and  the  floor  of  the  cloaca,  until  on  account  of  its  great 
delicacy  it  is  no  longer  recognisable  in  transverse  sections. 
If  Pizon’s  observations  are  correct,  the  nerve-cord  is  distinct 
both  from  the  dorsal  tube  and  from  all  the  other  organs  and 
layers  of  the  bud  from  the  first,  and  its  juxtaposition  to  the 
dorsal  tube  is  to  be  regarded  as  of  quite  secondary  import¬ 
ance.  Unable  to  trace  any  intimate  connection  between  the 
nerve-cord  in  its  earliest  stages  and  the  other  organs  of  the 
bud,  Pizon  inferred  that  the  cord  is  not  formed  in  situ ,  but 
as  a  special  prolongation  from  one  of  the  nerves  of  the  parent 
• — an  inference  which  he  drew  from  his  observation  that  the 
cord  in  early  stages  is  prolonged  backwards  beyond  the 
dorsal  tube,  becoming  finer  and  finer  in  its  course.  Possibly 
in  still  earlier  stages  this  fine  portion  of  the  cord  is  directly 
prolonged  through  the  stalk  of  the  bud  into  the  body  of  the 
parent ;  but,  as  we  have  seen,  the  evidence  presented  by 
Pizon  upon  this  point  is  inconclusive.  There  is  still  another 
account  of  the  development  of  the  brain  in  the  buds  of 
Botryllus.  Oka  has  also  recognised  the  existence  of  the 
dorsal  tube  in  the  buds  of  this  form,  although  he  overlooked 
the  earliest  stages  in  its  development.  He  noticed,  too,  the 
longitudinal  tract  of  proliferating  ectoderm  cells.  1  hese 
were  regarded  by  Pizon  as  a  band  of  incipient  mesenchyme 
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cells  ;  but  Oka  states  that  the  cells  produced  along  this  line 
of  proliferation  migrate  inwards  on  each  side  of  the  dorsal 
tube,  and  reunite  on  its  ventral  side  to  form  the  brain  and 
nervous  system. 

I  here  are  thus  three  distinct  views  as  to  the  origin  of 
the  nervous  system  in  the  buds  of  Botryllus.  According 
to  one  the  brain  is  produced  from  the  dorsal  (endodermal) 
tube  ;  according  to  another  from  a  proliferating  streak  of 
ectoderm  ;  while,  according  to  the  third,  the  nervous  system 
is  not  produced  from  either  of  the  constituent  layers  of  the 
bud,  but  by  means  of  a  special  rudiment  derived  from  the 
parent  organism.  The  first  view  is  manifestly  improbable, 
although  based  on  an  apparently  careful  piece  of  research  ; 
the  second  view  finds  a  parallel  in  the  observations  of  Van 
Beneden  and  Julin  on  the  buds  of  Clavelinci ,  and  is  quite 
consistent  with  the  general  principles  of  embryology  ;  the 
third  view  is  fairly  well  founded,  and  equally  harmonious 
with  the  germ-layer  theory.  Research  alone  can  settle  a 
point  so  much  disputed;  but  we  may  mention  that  although 
at  first  sight  the  second  of  these  views  may  commend  itself 
most  readily  upon  a  priori  grounds,  the  facts  upon  which 
this  view  is  based  were  fully  known  to  Pizon,  who  entertained 
the  same  opinion  for  a  time,  and  rejected  it  after  renewed 
investigation.  The  balance  of  probability  accordingly  rests 
with  Pizon’s  conclusions ;  and  it  seems  to  me  that  the 
recent  research  of  Salensky  (27)  upon  the  development  of 
the  twin-embryo  of  DipLosoma  supplies  a  powerful  argument 
from  analogy  in  support  of  Pizon’s  special  theory.  In  this 
remarkable  embryo  the  primary  individual  early  gives  rise 
(by  a  process  which  is  intermediate  between  fission  and 
budding)  to  a  second  individual  resembling  itself ;  and  the 
nervous  system  of  the  second  or  ventral  individual  is  formed 
from  a  special  nerve-tube  which  grows  out  laterally  from 
the  neural  tube  of  the  primary  individual.  Whatever 
opinion  may  be  held  as  to  the  relations  between  fission 
and  budding  in  Tumcata  the  case  of  Diplosonci  furnishes 
a  basis  of  fact  which  renders  Pizon’s  view  of  the  origin  of 
the  nervous  system  in  the  Botryllus  bud  worthy  of  full 
consideration.  It  may  be  that  future  investigators  will 
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reveal  in  the  buds  of  Botryllus  some  mode  of  origin 
of  the  nervous  system  intermediate  between  that  de¬ 
scribed  by  Salensky  in  the  case  of  Diplosoma  and  the 
merely  local  differentiation  of  the  ectoderm  of  the  sto¬ 
lon,  which  has  been  observed  in  Distaplia ,  Salpa  and 
Pyrosoma. 

The  controversy  upon  the  development  of  the  nervous 
system  in  the  buds  of  Botryllus  raises  such  wide  and  im¬ 
portant  issues  that  I  have  thought  it  worthy  of  somewhat 
lengthy  consideration.  It  should  also  be  mentioned  that 
Hjort  (io)  has  recently  reiterated  the  statements  contained 
in  his  first  paper  on  Botryllus ,  and  gives  an  additional  case 
( Glossophorum )  in  which,  as  he  maintains,  the  brain  arises 
from  the  dorsal  (endodermal)  tube.  A  similar  origin  of  the 
brain  has  just  been  described  by  Ritter  (21)  in  the  case  of 
the  buds  of  Perophora. 

Doubtful,  however,  as  many  points  remain,  it  has,  I 
hope,  been  clearly  shown  in  the  present  article  that  the 
theory  of  differentiated  germinal  layers  has  not  been  proved 
inapplicable  to  the  phenomena  of  blastogenesis  in  the 
Tunicata.  Many  of  the  earlier  statements  upon  the  subject 
were  undoubtedly  inconsistent  with  the  general  theory,  but 
they  have  been  modified  to  a  great  extent  by  the  more 
exact  researches  of  recent  years.  Development  by  budding, 
although  presenting  extensive  peculiarities  in  the  details  of 
organogeny,  seems  on  the  whole  to  agree  with  embryonic 
development  in  all  fundamental  points.  No  single  lact, 
inconsistent  with  the  general  applicability  of  the  germ-layer 
theory  of  development,  has  been  hitherto  established  in  the 
case  of  Tunicate  buds. 

3.  Phe  Fypes  of  Budding. — A  classification  of  the  various 
modes  of  budding  may  be  made  from  different  points  of 
view.  Usually  the  existence  or  absence  of  a  stolon  is  made 
the  basis  of  classification  ;  but  such  a  course  seems  quite 
arbitrary,  and  raises  into  fundamental  importance  a  feature 
altogether  secondary  and  unimportant  from  a  morphological 
point  of  view.  Some  authors  are  inclined  to  connect  the 
two  processes  of  budding  exhibited  by  the  cyathozooid  of 
Pyrosoma  and  by  the  Polyclinidse,  on  the  ground  that  these 
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are  examples  of  transverse  fission  as  distinct  from  budding. 
But  the  former  is  simply  an  instance  of  precocious  budding, 
as  Korschelt  and  Heider  (15)  have  shown.  And,  in  the  case 
of  the  Polyclinidse,  the  post-abdomen,  although  it  contains  the 
heart  and  genital  glands,  seems — as  Giard  and  Lahille  have 
remarked — to  be  merely  a  portion  of  the  stolon  into  which 
these  organs  have  been  secondarily  prolonged.  The  so- 
called  transverse  fission  of  the  Polyclinidae  is  therefore  only 
a  special  mode  of  stolonial  budding,  and  may  be  compared 
with  the  allied  processes  exhibited  by  such  forms  as 
Clave  Lina  and  Distapha.  In  the  former  genus  the  buds 
remain  structurally  connected  with  the  parent  throughout 
life ;  but  in  Distaplia ,  a  form  which  closely  resembles 
Clavelina  in  structure,  the  buds  produced  by  the  stolon  are 
detached  early,  and  move  to  the  surface  of  the  colony  in 
just  the  same  way  as  do  the  post-abdominal  segments  in 
Amaroecium  and  other  Polyclinidse. 

In  an  earlier  part  of  this  paper  I  have  drawn  attention 
to  the  fact  that  budding  in  Tunicata  takes  place  upon  one 
or  other  of  two  plans,  which  were  termed  “  differentiate  ” 
and  “  undifferentiate  ”  ;  and  that  the  former  type  is  especially 
characteristic  of  the  pelagic  forms  (Thaliacea),  while  the 
latter  type  is  predominant  in  the  fixed  forms  (Ascidiacea). 
d  he  distinction  between  these  two  types  is  not,  however, 
sharply  marked  ;  and  the  terms  have  been  suggested  for 
descriptive  rather  than  for  classificatory  purposes. 

A  comprehensive  survey  of  the  phenomena  has  led  me 
to  the  conclusion  that  the  true  grounds  of  classification  must 
be  sought  in  the  various  modes  by  which  the  enclodermal 
elements  of  the  buds  originate.  It  is  now  well  known  that 
in  fixed  Ascidians  the  endoderm  of  the  bud  is  derived  in 
most  cases  from  a  pair  of  diverticula  from  the  posterior 
region  of  the  pharynx  of  the  parent — the  epicardial  tubes  of 
\  an  Beneden  and  Julin.  These  peculiar  organs  are  without 
any  homologues  in  Appendicularians  or  the  higher  Chordata, 
and  have  clearly  been  developed  within  the  group  in  relation 
with  the  evolution  of  budding.  Their  occasional  connection 
with  the  heart  (eg.,  Clavelina )  must  be  regarded  as  a 
phenomenon  of  secondary  importance.  In  many  Ascidians 
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the  free  ends  of  the  epicardial  diverticula  unite  with  one 
another  to  form  an  unpaired  tube,  the  cavity  of  which 
becomes  practically  obliterated  by  the  juxtaposition  of  its 
walls.  This  unpaired  tube  then  penetrates  the  stolon,  and 
usually  presents  the  appearance  of  a  thin  broad  band 
dividing  the  cavity  of  the  stolon  longitudinally  into  two 
separate  blood-channels  ;  under  this  form  it  has  long  been 
known  as  the  stolonial  septum,  but  its  true  nature  and 
origin  were  first  elucidated  by  Van  Beneden  and  Julin. 
The  fusion  of  the  epicardial  tubes  in  Clavelina  and  the 
majority  of  the  fixed  Ascidians  should  not,  however, 
disguise  the  fact  of  their  essentially  paired  nature.  In 
Doliolum ,  as  I  have  shown  above,  this  primitive  condition 
is  retained  ;  and  in  Distaplia ,  as  Salensky’s  recent  investi¬ 
gation  has  revealed,  they  are  still  distinct  from  one  another 
at  the  time  when  the  first  (or  ventral)  bud  is  produced.  In 
Botryllus  also  the  homologues  of  the  epicardial  outgrowths 
are  paired  throughout  life.  In  this  form,  however,  they 
communicate  with  the  pharynx  only  in  their  earliest  stages, 
while  the  peribranchial  diverticula  are  still  in  open  com¬ 
munication  with  the  pharynx  in  the  same  region.  At  a 
later  stage  the  peribranchial  sac  and  epicardium  of  each 
side  become  separated  from  the  pharynx  together  ;  and  in 
the  full-grown  organism  the  epicardial  tube  is  a  capacious 
diverticulum  of  the  peribranchial  sac.  In  spite,  therefore, 
of  the  final  difference  of  position  between  the  epicardial 
(or  perivisceral)  sacs  of  the  Botryllidae  and  the  epicardial 
tubes  of  Distaplia  or  Clavelina ,  there  can  be  no  doubt,  as 
Pizon  has  maintained,  that  there  is  an  exact  homology 
between  the  two  structures.  In  the  buds  of  Distaplia , 
according  to  Salensky,  the  epicardial  sacs  show  a  similar 
connection  with  the  peribranchial  diverticula  in  the  earliest 
stages  of  their  formation  ;  but,  at  a  later  period,  the  peri¬ 
branchial  sacs  separate  completely  from  the  pharynx,  while 
the  epicardial  diverticula  retain  their  connection  with  it. 

It  appears  also,  from  a  recent  paper  by  Ritter  (21),  that 
Goodsiria,  one  of  the  Poly  sty  elidae,  presents  the  same 
relations  as  Botryllus. 

The  primitively  paired  form  of  the  epicardial  diverticula 
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is  therefore  retained  throughout  the  life  of  the  parent  in 
Doliolum ,  the  Botryllidae,  and  the  Polystyelidse.  In  the  two 
last  families  buds  are  produced  on  each  side  of  the  body  of 
the  parent,  a  fact  which  indicates  that  the  epicardial 
diverticula  were  originally  independent  in  function  :  each 
provided  the  endoderm  for  the  bud  on  the  corresponding 
side  of  the  parent’s  body.  The  same  conclusion  may  be  drawn 
from  the  formation  of  the  single  ventral  bud  of  Distaplia , 
since  in  this  case  only  one  of  the  two  epicardial  diverticula 
which  are  present  gives  rise  to  the  endoderm  of  the  bud. 

In  most  cases,  however,  lateral  budding  has  been  replaced 
by  ventral  budding,  and  each  of  the  two  epicardial  outgrowths, 
which  were  originally  independent  both  in  position  and 
function,  contributes  to  the  supply  of  endoderm  in  the  median 
ventral  stolon.  Doliolum ,  in  my  opinion,  represents  the  most 
primitive  existing  instance  of  this  transformation  of  the  epi¬ 
cardial  tubes  ;  in  this  form  the  epicardial  tubes,  although 
both  included  in  the  stolo prolifer ,  still  retain  their  primitively 
paired  condition.  Clavelina ,  on  the  other  hand,  seems  to  me 
to  represent  a  further  advance  in  evolution  ;  for  here  the 
epicardial  tubes,  although  separate  in  their  origin,  unite  at 
an  early  period  to  form  an  unpaired  tube.  Lastly,  the  final 
stage  in  the  transformation  of  the  epicardial  tubes  is  found 
in  Pyrosoma  and  Salpa ,  in  which  forms  the  tubes  have  lost 
all  trace  of  their  primitively  paired  origin,  and  arise  as  a 
median  diverticulum  of  the  pharynx,  in  the  region  of  the 
posterior  cul-de-sac  of  the  endostyle. 

It  will  be  conceded,  I  think,  that  these  modifications  of 
the  epicardial  tubes  provide  a  sound  basis  for  a  true  and 
genetic  classification  of  Tunicate  budding  ;  and  the  subjoined 
scheme  is  founded  upon  this  basis.  It  should  be  premised, 
however,  that  the  first  group  within  the  scheme  is  marked 
off  from  the  rest  by  the  entire  absence  of  special  epicardial 
outgrowths.  Budding  in  this  group  is  effected  in  a  much  less 
specialised  manner  than  in  any  of  the  others  ;  in  it  the 
endoderm  of  the  bud  is  not  derived  from  a  single  source  but 
from  several,  by  the  separate  origin  and  eventual  union  of 
pharyngeal  and  gastric  portions.  Without  entering  into  a 
special  description  of  this  type  of  budding — for  which 
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reference  should  be  made  to  the  works  of  Della  Valle — it 
may  be -remarked  that  the  budding  of  the  Didemnidse  and 
Diplosomidae  presents  features  which  render  it  probably  the 
most  primitive  of  all  the  types  found  in  the  Tunicata. 

Type  1.  CEsophageo-atrial. — Endoderm  of  bud  derived 
both  from  the  oesophagus  and  atrium  (peribranchial  cavity) 
of  parent.  Didemnidse,  Diplosomidae. 

Type  2.  Atrial. — Endoderm  of  bud  derived  from  atrium 
of  parent.  Buds  lateral  and  paired,  e.g.,  Botryllidae, 
Polystyelidae. 

Type  3.  Pharyngeal. — Endoderm  of  bud  derived  by 
means  of  tubular  (epicardial)  diverticula  from  the  pharynx 
of  parent.  Buds  unpaired,  median. 

(i.)  Epicardial  tubes  paired,  not  united,  but  only  one 
functional,  eg,  ventral  bud  of  larval  Distaplia. 

(ii.)  Epicardial  tubes  sooner  or  later  united  distally  to 
form  an  unpaired  tube. 

(a)  Independent  in  parent,  but  uniting  secondarily  in 

bud,  e.g. ,  Doliolum. 

(b)  Uniting  in  parent,  but  retaining  the  double  com¬ 

munication  with  pharynx,  eg.,  Clavelina , 

Distomidse,  Polyclinidse,  Perophora  (?). 

(iii.)  Epicardial  tubes  no  longer  paired,  but  developed 
from  the  first  as  a  single  median  posterior  prolon¬ 
gation  of  endostyle,  e.g.,  Pyrosomidce ,  Salpidce. 

It  is  interesting  to  compare  the  above  classification, 
which  is  founded  upon  structural  characters,  with  one  based 
on  the  position  of  the  buds  with  regard  to  the  parent.  It 
will  at  once  be  seen  that  the  two  schemes  correspond  very 
closely  with  each  other,  and  as  the  second  scheme  may  not 
be  without  some  usefulness,  I  give  it  below. 

Group  1.  Buds  lateral,  on  one  side  only.  Didemnidae, 
Diplosomidae. 

Group  2.  Buds  lateral,  on  one  side  of  larva,  but  on  both 
sides  of  buds.  Botryllidae,  Polystyelidae. 

Group  3.  Buds  ventro-lateral,  but  only  formed  on  one 
side.  Larval  Distaplia. 

Group  4.  Buds  median  and  ventral.  Thaliacea. 

(i.)  Minute.  Doliolidae. 
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(ii.)  Large.  Pyrosomidae,  Salpidae. 

Group  5.  Buds  median  and  posterior. 

(i.)  Permanently  connected  with  parent.  Clavelina , 
Perophora. 

(ii.)  Detached  from  parent. 

(а)  Formed  from  simple  stolon.  Distaplia. 

(б)  Formed  from  post-abdomen.  Polyclinidae. 

4.  The  Origin  of  Budding. — If  I  have  been  at  all  suc¬ 
cessful  in  my  analysis  of  the  various  types  of  budding  in 
Tunicata,  and  in  my  treatment  of  the  evolution  of  the 
epicardial  tubes,  it  must  be  clear  to  the  readers  of  this 
article  that  the  existing  types  of  budding  represent  merely 
the  final  stages  of  a  long  process  of  evolutionary  change. 
Upon  first  considerations  one  is  tempted  to  regard  the 
simple  process  of  budding,  which  I  have  called  undifferen¬ 
tiate,  as  more  primitive  than  the  differentiate.  In  the 
undifferentiate  buds  of  Clavelina  and  other  forms  the  whole 
process  of  organogeny  is  strikingly  similar  to  the  growth 
of  an  embryo  from  the  gastrula  stage  ;  and  this  analogy 
inclines  one  at  first  to  believe  that  the  simple  structure  of 
the  undifferentiate  bud  has  the  same  primitive  significance 
as  that  of  the  gastrula.  The  phylogeny  of  budding,  how¬ 
ever,  cannot  be  determined  by  the  study  of  the  bud  alone  ; 
it  is  necessary  to  consider  also  the  associated  changes 
which  have  taken  place  in  the  structure  of  the  parent 
form. 

Attention  to  this  consideration  reveals  the  fact  that  the 
primitive  character  which  one  is  inclined  to  ascribe  to  the 
triploblastic  bud  of  Clavelina ,  on  account  of  its  simple 
structure,  is  not  borne  out  by  the  character  of  the  associated 
structures  of  the  parent  form.  We  have  already  seen  that 
the  epicardial  tube  of  Clavelina  is  not  a  primitive  structure, 
but  results  from  the  fusion  of  a  pair  of  tubes  ;  that  median 
budding  was  preceded  phylogenetically  by  lateral  budding  ; 
and  that  the  lateral  buds  of  Botryllus  have  a  more  differen¬ 
tiate  character  than  the  median  stolonial  buds  of  Clavelina. 

Another  point  in  this  phylogenetic  history  must  be 
mentioned.  In  the  larva  of  Distaplia  two  epicardial  tubes 
are  present,  but  one  only  is  functional.  In  Botryllus ,  also, 
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the  larva  gives  rise  to  a  bud  on  only  one  side  of  the  body 
(the  right  side)  ;  and,  although  the  buds  of  successive 
generations  of  buds  are  usually  paired,  there  is  always  a 
certain  asymmetry  in  their  development :  the  buds  on  the 
right  side  being  always  further  advanced  than  those  on  the 
left  (Oka).  The  asymmetry  which  characterises  budding 
in  these  more  primitive  cases  seems  to  me  to  have  con¬ 
siderable  significance,  and  to  point  to  the  conclusion  that 
the  power  of  bud-production  was  originally  restricted  to 
one  side  of  the  body  ;  in  other  words,  that  the  production 
of  twin-embryos  or  twin-zooids  which  characterises  the 
Didemnidse  and  Diplosomidae  is  a  primitive  phenomenon. 

Now  Salensky’s  recent  work  (26,  27)  upon  the  develop¬ 
ment  of  the  twin-embryo  of  Diplosoma  shows  conclusively 
that  this  is  a  true  case  of  embryonic  fission,  although  the 
process  is  condensed  and  modified  in  various  particulars. 

The  conclusion,  therefore,  is  inevitable  that  all  the  types 
of  budding  in  the  Tunicata  are  ultimately  referable  to  an 
ancestral  process  of  embryonic  longitudinal  fission,  as  Bal¬ 
four  and  Uljanin  have  already  suggested.  We  may  also 
conclude  that  budding  has  probably  not  arisen  more  than 
once  within  the  group  of  Tunicata,  since  the  various  types 
of  asexual  reproduction  found  within  it  form  a  single  phylo¬ 
genetic  series,  and  are  connected  with  one  another  by 
numerous  gradations  ;  and  that  while  the  differentiate  type 
of  budding  is  probably  in  many  respects  more  primitive 
than  the  undifferentiate  type,  yet  that  there  have  been 
modifications  in  both  directions  since  budding  first  arose, 
leading  in  some  cases  to  a  secondary  simplification  of  the 
organisation  of  the  bud,  and  in  others  to  a  slightly  increased 
complexity. 
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IN  addition  to  the  nitrogenous  matters  already  described 
as  occurring  in  plants,  a  curious  body  of  proteid 
character  can  be  extracted  from  the  ground  seeds  of 
several  of  the  cereal  grasses,  the  exact  nature  of  which 
has  given  rise  to  a  good  deal  of  controversy.  This  body, 
which  is  known  as  gluten ,  can  be  prepared  easily  from 
wheat  flour  by  washing  it  on  a  muslin  filter.  The  starchy 
matters  and  various  soluble  bodies  pass  through  ;  a  curious 
sticky  material  is  left  clinging  to  the  muslin.  No  such 
proteid  is  found  to  be  present  in  the  uninjured  seed,  and 
it  appears  therefore  to  be  formed  during  the  process  of 
washing  the  flour. 

Investigations  into  its  nature  and  its  relation  to  the 
proteids  of  the  wheat  grain  have  been  made  by  several 
writers,  and  a  leaning  is  found  to  the  view  that  it  is  a  kind 
of  vegetable  fibrin,  produced  by  a  species  of  fermentation 
analogous  to  that  so  generally  associated  with  the  process 
of  the  coagulation  of  the  blood.  In  the  light  of  this  discussion 
considerable  interest  attaches  to  some  investigations  into 
the  proteids  of  the  seeds  of  the  cereal  grasses,  particularly 
wheat  and  rye,  carried  out  last  year  in  the  laboratory  of 
Professor  Chittenden,  by  Messrs.  Osborne  and  Voorhees 

09). 

These  observers  have  made  a  careful  analysis  of  the 
constituents  of  the  uninjured  flour,  in  which  they  have 
confirmed  and  extended  the  researches  of  older  writers. 
They  find  the  wheat  grain  to  contain  five  distinct  proteids, 
of  which  three  can  be  classified  as  members  of  the  already 
well-known  groups,  while  two  others  have  special  peculiari¬ 
ties  as  to  solubility  in  fluids  which  do  not  attack  the 

former  three.  The  latter  are  a  globulin,  an  albumin  and  a 
proteose. 

The  globulin,  which  the  authors  name  Edestin,  is  a 
member  of  the  vitellin  section  of  the  group,  characterised 
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by  being  soluble  in  saturated  solutions  of  sodium  chloride. 
Its  globulin  character  is  established  by  the  fact  that  it  is 
insoluble  in  water,  but  has  the  power  of  dissolving  in  weak 
saline  solutions.  It  can  be  precipitated  from  the  latter  by 
large  dilution  or  by  dialysis ;  also  by  saturation  of  the 
solution  by  magnesic  sulphate  or  ammonic  sulphate.  It 
shows  a  peculiarity  in  its  relation  to  heat,  bein <g  precipitated 
on  boiling  its  solution,  but  in  not  being  at  that  temperature 
converted  into  coagulated  proteid.  Wheat  flour  contains 
about  *6  to  7  per  cent,  of  edestin. 

The  albumin  has  been  named  leucosin ;  it  is  present  in 
less  quantity  than  edestin,  about  '3  to  ‘4  per  cent,  being 
obtainable  from  the  flour.  Its  reactions  show  certain 
peculiarities  ;  it  is,  unlike  most  albumins,  precipitated  by 
saturating  its  solutions  with  sodic  chloride  or  magnesic 
sulphate.  On  the  other  hand,  it  is  soluble  in  distilled 
water,  and  has  a  definite  coagulating  point,  the  change 
taking  place  at  52°C.  This  is  a  much  lower  temperature 
than  is  found  necessary  to  coagulate  the  animal  albumins, 
which  remain  unchanged  up  to  about  70  to  80  C.  It  can 
be  separated  from  edestin  by  dialysis,  which  throws  down 
the  latter,  but  leaves  the  leucosin  in  solution. 

The  proteose  is  perhaps  not  properly  included  as  a  re¬ 
serve  proteid  of  the  grain.  As  we  shall  see  changes  take 
place  in  the  wheat  kernel  in  consequence  of  keeping  after 
maturity,  so  that  this  body  may  be  rather  one  on  its 
way  to  such  a  condition  as  will  enable  it  to  be  transported 
from  the  seed,  thus  forming  a  link  with  the  circulating 
proteids  and  not  a  truly  reserve  product.  I  he  proteoses  are 
as  a  rule  the  first  products  of  the  action  ol  a  digestive 
ferment. 

This  body,  whatever  be  its  actual  position  in  this 
respect,  can  be  isolated  from  wheat  flour,  freshly  ground, 
and  extracted  with  dilute  saline  solution.  After  such  an 
extract  has  been  dialysed  till  the  edestin  is  all  precipitated, 
and  subsequently  boiled  to  remove  the  leucosin,  it  still  gives 
proteid  reactions.  Saturation  with  sodic  chloride,  01  the 
addition  of  about  20  per  cent,  of  the  same  salt  after  acidu¬ 
lating  the  solution  with  a  little  acetic  acid,  throws  down  the 
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proteose.  It  is  not  coagulated  by  heating  to  boiling  point, 
but  if  the  temperature  be  maintained  at  that  point  till  the 
solution  becomes  concentrated,  a  coagulum  is  gradually 
developed.  There  is  about  *3  per  cent,  of  this  body  in 
the  flour. 

The  other  two  proteids  of  the  flour  are  those  to  which 
the  formation  of  the  gluten  can  be  attributed.  They  both 
show  a  certain  resemblance  to  the  2 'em  described  (“  Science 
Progress,”  vol.  ii.,  p.  121)  as  occurring  in  the  seeds  of  Zea 
Mais,  in  that  they  are  more  or  less  completely  soluble  in 
warm  dilute  alcohol. 

The  first  ol  them  was  described  under  the  name  of 
gliadin  by  r adder  in  1820,  and  was  referred  to  also  by 
Liebig  under  the  name  of  plant  gelatin. 

Gliadin  is  the  proteid  which  is  present  in  largest 
quantity  in  the  seed  of  wheat,  about  4  per  cent,  of  the 
flour  being  composed  of  it.  It  is  present  also  in  rye. 

Its  preparation  is  most  easily  effected  by  taking  ad¬ 
vantage  of  its  solubility  in  hot  dilute  alcohol.  If  either 
wheat  or  rye  flour,  or  the  gluten  prepared  from  them,  be 
treated  with  this  solvent,  the  gliadin  dissolves,  the  best 
result  being  obtained  by  using  a  mixture  of  seventy 
parts  of  absolute  alcohol  wath  thirty  parts  of  water. 
From  this  solution  it  is  precipitated  by  the  addition  of 
sodic  chloride.  When  the  precipitate  is  collected,  dehy¬ 
drated  by  absolute  alcohol,  and  dried  over  strong  sulphuric 
acid,  it  remains  as  a  powdery  white  mass.  If  the  precipi¬ 
tate  is  not  dehydrated,  but  moistened  with  dilute  alcohol  or 
water  before  drying,  it  is  not  powdery,  but  has  the  appear¬ 
ance  of  gelatin,  being  clear  and  transparent.  This  recalls 
the  old  name  which  Liebig  originally  gave  to  it.  Cold 
water  fails  to  dissolve  it  with  any  ease,  rendering  it  ex¬ 
tremely  viscid  and  sticky ;  water  gradually  warmed  has 
more  effect  upon  it,  but  even  at  boiling  point  it  is  not  all 
dissolved,  and  as  the  temperature  subsequently  falls  part  of 
it  separates  out  again.  What  is  left  in  solution  is  partly 
precipitated  by  the  addition  of  a  little  sodic  chloride,  as  is 
the  case  with  the  original  alcoholic  extract. 

Gliadin  dissolves  readily  in  dilute  acids  or  alkalies,  and 
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is  precipitated  on  neutralisation  of  the  solution  without  any 
alteration  ;  a  point  indicating  a  possible  relation  to  the 
derived  albumins  of  digestion,  from  which,  however,  its 
relation  to  alcohol  separates  it.  When  it  is  warmed  with 
sulphuric  acid  of  50  per  cent,  concentration  it  slowly 
assumes  a  violet  colour,  which  is  increased  in  intensity  by 
boiling.  Concentrated  hydrochloric  acid  causes  the  same 
coloration. 

Though  similar  to  zein  in  its  behaviour  with  alcohol, 
the  authors  consider  it  not  to  be  identical  with  the  latter. 

The  remaining  proteid  of  the  seeds  has  been  called  by 
the  discoverers  glutenin.  It  is  only  slightly  soluble  in 
warm  alcohol  or  in  warm  water,  but  can  be  prepared  from 
the  flour  by  treating  it  with  dilute  acids  or  alkalies.  If  it  be 
precipitated  from  the  solvent,  dehydrated  with  absolute 
alcohol,  and  dried  over  strong  sulphuric  acid,  it  dissolves 
slowly  again  in  the  same  reagents,  but  leaves  a  little  coagu¬ 
lated  residue.  Before  the  dehydration  the  precipitate  is 
very  readily  soluble  in  either  weak  potash  or  dilute  hydro¬ 
chloric  acid. 

It  differs  from  gliadin  in  its  reaction  with  50  per  cent, 
sulphuric  acid,  turning  brown  instead  of  violet;  it  takes  on  the 
latter  colour,  however,  with  concentrated  hydrochloric  acid. 

From  the  general  similarity  of  its  reactions  to  those  of 
gliadin  it  seems  possible  that  it  may  be  a  result  of  some 
decomposition  of  the  latter.  The  discoverers,  however, 
think  it  is  a  wholly  distinct  body,  as  it  cannot  be  prepared 
from  rye  flour,  though  the  latter  contains  a  good  deal  of 
gliadin.  Glutenin  is  almost  as  plentiful  in  wheat  as  gliadin, 
nearly  4  per  cent,  of  the  flour  being  composed  of  it. 

Both  gliadin  and  glutenin  being  capable  of  preparation 
from  gluten,  as  well  as  from  flour,  these  investigations 
throw  a  good  deal  of  light  on  the  constitution  of  the  latter. 
There  appears  to  be  no  transformation  of  its  constituents 
as  in  the  process  of  the  formation  of  fibrin,  nor  is  any 
ferment  necessary  for  its  production.  1  o  form  gluten  the 
authors  put  forward  the  view  that  the  gliadin  and  glutenin, 
both  of  which  exist  separately  in  the  wheat  endosperm, 
combine  with  water  in  the  proportion  of  one  part  ol  the 
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proteids  to  two  parts  of  water.  There  is  no  change  in 
their  character  in  consequence,  but  their  union  is  a 
mechanical  one,  the  gliadin  forming  a  gummy  or  ad¬ 
hesive  mass,  and  the  glutenin  affording  a  basis  or  frame¬ 
work  to  which  the  gliadin  adheres.  This  support  enables 
the  gliadin  to  cause  the  other  parts  of  the  flour  to  stick 
together,  and  thus  form  the  dough  which  results  when  the 
flour  and  water  are  kneaded. 

The  authors  do  not  quote  any  microchemical  experi¬ 
ments,  so  that  the  distribution  ol  the  several  proteids  in  the 
seed  has  not  been  ascertained. 

Before  leaving  the  subject  of  the  proteid  reserve 
materials  it  is  interesting  to  notice  that  though  their  com¬ 
position  may  with  fair  accuracy  be  ascertained  through 
analysis  of  them,  either  in  bulk  or  by  microchemical 
methods,  it  by  no  means  follows  that  when  once  they 
are  deposited  in  definite  reservoirs  their  composition  re¬ 
mains  unaltered  till  they  are  called  upon  to  take  part  in  the 
nutrition  of  the  plant.  Only  a  few  observations  on  this 
point  are  on  record,  but  these  lead  to  the  view  that  even  -in 
their  most  permanent  form  they  are  comparatively  unstable, 
and  that  a  certain  metabolism  is  constantly  proceeding  in 
the  cells  in  which  they  lie,  in  which  they  are  to  a  greater 
or  less  extent  involved.  The  cells  at  the  time  of  deposition 
we  have  seen  to  be  rich  in  protoplasm,  and  we  have  found 
that  it  is  at  least  probable  that  this  protoplasm  is  concerned 
in  the  process  ol  their  deposition.  In  the  case  of  carbo¬ 
hydrates,  such  as  starch,  it  has  been  shown  by  Brown  and 
Morris  (20)  while  the  embryo  of  the  barley  is  making  its 
w  ay  into  the  parenchyma  of  the  endosperm,  and  while  the 
latter  is  thus  in  a  stage  during  wThich  starch  deposition  in 
the  cells  is  proceeding,  a  form  of  diastase  is  present  in  them 
with  then  protoplasm.  Whether  in  the  lupin  and  other 
seeds  any  such  enzyme  is  present  at  a  corresponding  stage 
has  not  been  ascertained,  but  there  seems  little  reason  to 
deny  that  when  the  influx  of  material,  which  is  the  source 
ol  the  aleurone  grains,  has  ceased,  the  needs  of  the  proto¬ 
plasm  may  require  to  be  supplied  by  the  aleurone  itself. 
Nor  is  this  hypothesis  simply ;  it  can  be  determined  by 
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comparative  analyses  taken  at  considerable  intervals  of  time 
that  the  proteids  change  after  deposition.  Whether  the 
changes  only  go  on  during  a  comparatively  short  period, 
corresponding  to  the  ripening  of  the  seed,  or  whether  they 
are  prolonged  till  the  power  of  germination  is  lost,  remains 
an  open  question. 

Some  experiments  bearing  on  this  point  were  published 
by  Acton  (21)  two  years  ago,  analyses  having  been  made 
of  a  sample  of  new  wheat,  and  of  another  of  wheat  grown 
upon  the  same  land  thirty  years  before,  during  the 
interval  it  having  been  kept  in  the  stack.  Too  much 
stress  must  of  course  not  be  laid  upon  the  experiment,  as  it 
is  probable  that  the  samples  did  not  exactly  correspond. 
The  results  of  the  analyses  showed  that  the  old  wheat  had 
lost  nearly  half  its  water ;  that  compared  with  the  new 
wheat  the  proteids  insoluble  in  water  were  as  4*3  :  7*1; 
those  soluble  in  water  3*9:  1*2.  Asparagin,  which  was 
absent  from  the  new  wheat,  was  present  in  the  old  sample 
to  the  extent  of  *8  per  cent.  The  tendency  during  ripen¬ 
ing,  or  subsequently,  was  therefore  in  the  direction  of 
forming  soluble  and  diffusible  bodies  from  others  which 
were  neither.  During  the  interval  the  old  wheat  had  lost 
the  power  of  germinating,  and  contained  no  enzyme, 
though  this  was  present  in  the  new  sample. 

The  nitrogenous  reserve  materials  which  are  found  in 
form  of  amides  are  probably  almost  entirely  confined  to  the 
circulating  supply.  A  few  are  found  in  resting  seeds,  but 
they  are  more  readily  detected  after  germination  has  begun, 
and  must  therefore  be  looked  upon  rather  as  intermediate 
products.  Being  as  a  rule  soluble  in  the  cell  sap,  they  are 
with  difficulty  detected.  Belzung  (22)  has  succeeded  by  a 
new  method  in  ascertaining  their  presence.  He  places 
fresh  sections  of  the  living  seed  in  strong  glycerine  ;  after 
the  lapse  of  a  variable  time,  ranging  from  a  few  hours  to 
two  or  three  days,  the  amides  crystallise  out  in  their 
characteristic  forms.  The.  method  is  sufficiently  accurate 
to  yield  a  good  idea  of  the  relative  amounts  present.  It 
needs  supplementing  of  course  by  the  extraction  of  the 
amides  from  considerable  quantities  of  the  seeds  and  a  sub- 
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sequent  chemical  analysis.  Belzung  describes  asparagin 
as  being  the  form  most  commonly  met  with,  though  leucin 
and  tyrosin  occur  more  frequently  than  has  been  supposed, 
and  in  greater  amount.  In  germinating  seeds  of  Cicer 
arietinum  he  detected  as  a  normal  product  the  body 
xanthin,  which  has  hitherto  been  held  to  be  a  product 
of  putrefactive  changes  where  it  occurs  in  plants. 

Of  carbohydrate  reserve  materials  the  form  most  widely 
distributed  is  that  of  starch.  Its  occurrence  is  almost 
universal,  nearly  all  plants  at  some  time  or  other  forming* 
it,  and  usually  in  very  large  amount.  Its  places  of  storage 
cannot  be  enumerated,  nor  can  any  description  of  the 
grains  composed  of  it  embrace  every  form  found.  Being 
insoluble  in  water,  and  readily  identified  by  its  characteristic 
reaction  with  iodine,  it  presents  but  little  difficulty  in  its 
detection.  Wherever  found  it  appears  as  grains  of  definite 
shape,  and  these  olten  characteristic  each  of  its  own  par¬ 
ticular  plant.  I  he  sizes  and  complexity  of  structure  of  the 

grains  vary  very  much,  even  in  different  parts  of  the  same 
plant. 

It  has  been  generally  held  that  the  appearance  of  starch 
in  different  parts  has  a  different  meaning  from  the  point  of 
view  of  the  metabolism  of  the  plant.  In  parts  not  exposed 
to  light,  it  has  always  been  looked  upon  as  a  true  reserve 
material,  intended  for  either  immediate  or  deferred  consump¬ 
tion.  But  in  leaves  and  other  chlorophyll-containing  parts  a 
different  inteipretation  has  been  given.  Occurring  originally 
in  the  interior  of  the  chlorophyll  grains,  and  being  found 
almost  immediately  upon  the  absorption  and  decomposition 
of  carbonic  dioxide,  it  has  been  held  to  be  a  stage  in  the 
process  of  construction  of  org*anic  material  ;  indeed,  it  is 
usually  described  as  the  first  visible  product  of  assimilation. 

Some  investigations  made  by  Brown  and  Morris  (23) 
on  the  metabolic  changes  in  foliage  leaves  tend  to  disprove 
that  view,  and  to  lead  to  the  opinion  that  in  leaves  as  else¬ 
where  starch  grains  are  always  the  results  of  a  process  of 
destructive  metabolism,  and  are  reserve  materials,  even 
when  occurring  in  the  bodies  of  chlorophyll  grains.  The 
experiments  were  made  with  the  leaves  of  the  garden 
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nasturtium  Tropceolum  majus ,  and  took  the  form  of  an 
investigation  of  the  nature  of  their  carbohydrate  con¬ 
stituents  under  various  conditions  of  illumination  or  in¬ 
solation.  A  number  of  leaves  detached  from  the  plants  in 
early  morning  were  divided  into  two  portions;  one  set  were 
killed  at  once  by  heating  in  a  steam  chamber  ;  the  others 
were  exposed  with  their  petioles  in  water  to  sunshine  for 
twelve  hours,  being  spread  upon  wooden  trays  covered 
with  wire  gauze.  They  were  then  killed  as  were  the  former 
set.  The  contents  of  the  cells  showed  o*reat  difference  in 

o 

their  carbohydrates,  the  starch  increasing  from  i* 23  to  3*91 
per  cent,  of  the  dry  weight,  and  cane-sugar  going  up  from 
4'65  to  8*85  per  cent.  In  another  experiment  the  increase 
was  for  starch  from  3*24  to  4*22  per  cent.,  and  for  cane- 
sugar  4*94  to  8*02'  per  cent.  At  the  same  time  the  total 
sugars  of  the  leaf,  including  laevulose,  dextrose  and  maltose, 
nearly  doubled  in  amount.  The  chief  feature  which  thus 
accompanies  assimilation  of  carbonic  dioxide  in  these  leaves 
is  the  formation  of  a  great  amount  of  cane-sugar,  the 
absolute  quantity  being  always  much  greater  than  that  of 
the  starch.  The  authors  conclude  that  when  assimilation 
is  vigorous  this  body  is  made  to  accumulate  much  faster 
than  it  is  used,  and  the  leaves  are  consequently  charged 
with  it,  possessing  therein  a  temporary  reserve  material  of 
carbohydrate.  As  soon  as  the  concentration  of  this  sugar 
in  the  cell-sap  and  protoplasm  exceeds  a  certain  strength, 
starch  commences  to  be  elaborated  by  the  chloroplasts, 
forming  a  more  stable  and  permanent  reserve  material  than 
the  cane-sugar.  The  smaller  increase  of  the  starch  as 
compared  with  that  of  the  cane-sugar  is  intelligible  on  the 
hypothesis  that  the  latter,  and  not  the  former,  is  the  first 
constructed  carbohydrate,  and  that  the  starch  is  formed  as 
a  secondary  product  from  it,  as  in  the  case  of  underground 
deposits  it  is  produced  by  the  leucoplasts  from  another 
sugar  transported  to  them. 

On  reviewing  these  experiments  it  at  first  seems  strange 
that  cane-sugar  should  be  the  immediate  antecedent  of 
starch,  the  latter  being  so  much  nearer  maltose  in  its  con¬ 
stitution.  The  conclusions  are  strengthened,  however,  by 
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the  experiments  on  the  artificial  nutrition  of  leaves  by 
solutions  of  carbohydrates,  published  by  A.  Meyer  in  1886 
(24),  and  by  Laurent  in  the  same  year  (25),  and  by  those 
of  Acton  (26)  on  the  absorption  under  abnormal  conditions 
of  organic  compounds  by  the  roots  of  various  culture  plants. 
All  these  observers  have  shown  that  when  the  only  source 
ol  carbon  that  was  afforded  to  the  plants  with  which  they 
experimented  was  a  weak  solution  of  cane-sugar,  the  latter 
was  gradually  absorbed,  and  in  due  course  starch  made  its 
appearance  in  the  cells  of  the  parenchyma  of  the  leaves. 
The  experiments  of  Brown  and  Morris  on  the  artificial 
feeding  of  isolated  barley  embryos  (29)  with  solutions  of 
cane-sugar  also  support  the  view  that  the  latter  may  readily 
give  rise  to  starch.  In  these  experiments  excised  em¬ 
bryos  were  deprived  of  starch  by  an  exhaustive  water 
culture  of  five  or  six  days,  and  then  placed  upon  dilute 
solutions  of  cane-sugar,  and  starch  was  speedily  formed  in 
the  cells  of  the  scutellum. 

Since  Schimper’s  classical  researches  upon  the  mode  of 
formation  of  starch  grains,  their  appearance  has  been  'attri¬ 
buted  uniformly  to  the  action  of  plastids,  either  leucoplasts, 
as  in  parts  not  exposed  to  Jight,  or  chloroplasts,  in  the 
illuminated  regions.  The  striation  of  the  larger  grains  has 
consequently  been  held  to  be  due  to  apposition  of  succes¬ 
sive  layers  upon  the  surface  of  the  grains.  Recent  writers 
claim,  however,  that  this  view  is  insufficient,  and  that 
probably  in  many  cases  the  deposition  is  effected  by  the 
immediate  action  of  the  protoplasm  of  the  cell. 

I  he  leucoplast  theory  is  undoubtedly  a  good  deal 
strained  by  the  cases  where  immense  numbers  of  very 
small  grains,  hardly  larger  than  mere  specks,  make  their 
appearance  in  rapidly  growing  structures,  particularly  as 
even  high  powers  of  the  microscope  fail  to  show  the 
presence  of  any  plastid  before  or  during  the  deposition. 
In  the  pollen  grains  of  many  plants  before  their  germina¬ 
tion,  and  in  the  pollen  tube  as  it  develops,  small  specks  of 
starch  make  their  appearance.  In  the  pollen  of  Zamia 
skinnem  the  ungerminated  grain  shows  a  fairly  homo¬ 
geneous  protoplasm,  scarcely  even  granular.  When  this 
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pollen  is  placed  in  a  nutritive  fluid  (27)  very  speedily  small 
granules  of  starch  appear  in  this  homogeneous  protoplasm, 
and  the  number  continually  increases  as  germination  begins. 
In  the  pollen  tubes  of  the  lily  the  same  thing  is  seen,  the 
number  of  small  grains  being  enormous.  In  the  style  of 
the  same  plant,  in  the  cells  containing  again  quite  trans¬ 
parent  protoplasm,  the  same  formation  is  found,  the  cells 
in  some  cases  becoming  quite  filled  with  starch.  It  is 
rather  hard  to  conceive  in  these  cases  of  a  simultaneous 
formation  of  plastids  to  carry  out  the  deposition. 

The  same  considerations  apply  to  the  deposition  of 
starch  grains  in  young  developing  embryos.  Some  obser¬ 
vations,  published  by  Belzung  (28),  made  upon  the  young 
embryos  of  various  Leguminosae,  particularly  Lupinus 
albus  and  Phaseo'lus  vulgaris ,  point  to  the  non-occurrence 
of  the  leucoplast  as  an  antecedent  to  starch  deposition. 
Indeed,  Belzung  goes  so  far  as  to  advance  the  view,  in 
opposition  to  Schimper,  that  the  leucoplast  theory  is  based 
upon  an  erroneous  interpretation  of  the  appearances  seen. 

His  conclusions  may  be  briefly  stated  as  follows  :  In 
Lupinus  albits  and  L.  mutabilis  there  are  no  plastids  in  the 
tissue  of  the  developing  embryo,  yet  starch  is  deposited 
there  during  the  first  phase  of  its  development,  which 
starch  later  disappears  during  the  ripening  of  the  seed. 
To  a  less  extent,  the  same  thing  may  be  observed  in  the 
embryo  of  Phaseolus  vulgaris.  The  protoplasm  of  the 
cells  of  such  embryos  in  course  of  formation  may  be  seen 
to  have  the  form  of  a  network  with  many  small  meshes, 
which  are  empty  spaces,  or  contain  only  cell-sap.  There  is 
no  leucoplast  inside  them,  nor  anything  comparable  to  one. 
The  starch  grains  originate  in  these  meshes  at  some  point 
in  contact  with  the  protoplasm,  and  gradually  increase  in 
size  till  they  fill  them,  growing  in  fact  like  crystals,  and 
forming  the  simple  grains  of  starch.  Later  these  dis¬ 
appear,  and  in  cases  where  starch  appears  further  on  in  the 
development  in  the  form  of  compound  grains,  the  formation 
is  due  to  the  vacuole  or  mesh  being  partly  filled  by  a 
smaller  and  much  finer  network,  giving  still  smaller  meshes. 
In  these  smaller  meshes,  forming  part  of  the  larger  original 
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one,  starch  granules  appear  as  before,  and,  growing,  be¬ 
come  pressed  together  till  the  whole  vacuole  is  full.  The 
new  grains  appear  consequently  compound  on  account  of 
the  new  fine  network  which  separated  the  seats  of  com¬ 
mencement  of  formation  of  the  grains.  Belzung  concludes 
that  Schimper’s  leucoplasts  are  nothing  more  than  cavities 
in  the  protoplasm,  which  become  filled  with  starch  by  the 
action  of  the  bounding  layer  of  the  former. 

Schimper  states  that  the  grains  which  are  situated  deep 
in  the  chloroplasts  have  a  concentric  striation,  while  those 
which  are  formed  near  their  surface  are  excentrically 
striated,  and  he  attributes  the  phenomena  to  the  relation 
of  the  grain  to  the  substance  of  the  plastid.  Belzung  con¬ 
tends,  on  the  contrary,  that  while  the  starch  grain  is  in 
the  chloroplast  no  striation  can  be  seen,  but  after  it  escapes 
from  the  plastid  it  becomes  striated.  The  escape  of  the 
starch  grain  from  the  latter  can  be  seen  best  in  those 
cases  where  its  origin  is  near  the  surface  of  the  plastid,  and 
not  in  its  centre. 

Eberdt  (29)  partly  supports  Belzung’s  views,  but  puts 
forward  a  new  interpretation  of  the  appearance  of  the 
leucoplast.  He  says  that  the  growth  of  an  excentrically 
striated  starch  grain  is  not  due  to  the  action  of  any  unilaterally 
attached  body  such  as  a  plastid  ;  both  the  exCentric  and  the 
concentric  ones  can  be  seen  to  grow  in  the  cell-sap  by  the 
action  of  the  protoplasm.  In  the  case  of  the  grains  formed 
in  connection  with  the  chloroplasts  he  observes  the  same 
thing,  the  grain  growing  after  the  chloroplast  has  dis¬ 
appeared,  and  being  nourished  or  added  to  by  the  proto¬ 
plasm,  wherever  the  latter  is  in  contact  with  it.  He  suggests 
that  the  development  of  the  starch  grain  has  two  phases, 
it  being  originated  by  the  chloroplast,  and  then  later  built 
up  by  the  protoplasm.  The  striation  he  holds  to  be  due 
to  intussusception,  and  not  to  apposition  at  all. 

In  the  formation  of  the  starch  grains  in  relation  to 
leucoplasts  Eberdt  thinks  the  latter  is  not  a  plastid  in  the 
sense  of  constructing  the  grain,  but  is  rather  a  formative 
material  or  fundamental  substance  which  becomes  trans¬ 
formed  into  the  substance  of  the  starch  grain.  The  so- 
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called  leucoplast  being  smaller  than  the  latter  constitutes  a 
nucleus  of  formation,  and  the  grain  so  started  subsequently 
grows  and  becomes  differentiated  into  layers.  He  speaks 
of  the  protoplasm  at  first  as  filling  the  younger  cells  and 
being  finely  granular.  A  little  later  the  granulations  are 
larger,  having  increased  at  the  expense  of  the  homogeneous 
part  of  the  protoplasm.  These  larger  granulations  when 
stained  with  iodine  show  in  their  interior  a  reddish  point, 
which  at  a  slightly  later  stage  becomes  a  blue  one.  A  little 
later  the  granulations  stain  blue  throughout,  and  are  evidently 
starch  grains.  They  are  often  united  into  groups  of  two, 
or  three,  or  more,  and  are  surrounded  by  protoplasmic 
particles. 

Eberdt  thus  argues  for  the  appearance  of  the  leucoplast, 
but  denies  its  plastid  nature,  holding  it  to  be  a  fundamental 
substance,  on  its  way  to  become  starch. 

He  denies  that  the  leucoplast  multiplies  by  division, 
and  holds  that  each  one  found  is  newly  and  separately 
differentiated  out  of  the  protoplasm. 

Konnigsberger  (30)  advances  again  a  different  view  to 
the  last  two  writers,  and  enables  us  partly  to  reconcile  the 
differences  which  their  views  present  from  those  of  Schimper 
and  the  other  writers  of  his  school.  According  to  him 
some  plants  contain  leucoplasts  and  others  do  not.  His 
work  extends  over  thirty  species — eighteen  monocotyle¬ 
dons  and  twelve  dicotyledons.  He  finds  leucoplasts  in 
twelve  monocotyledons  and  four  dicotyledons,  the  other 
species  examined  being  without  them.  He  differs  from 
Eberdt  with  regard  to  the  so-called  fundamental  sub¬ 
stance,  which  Eberdt  thought  to  be  such  on  account  of  the 
red  stain  with  iodine  which  preceded  the  appearance  of 
the  blue.  He  explains  the  difference  of  tint  as  being  an 
illusion  due  to  the  small  size  of  the  staining  body,  and 
holds  that  we  have  a  leucoplast  in  which  starch  originates. 
Unlike  Schimper,  he  finds  excentrically  striated  grains 
deeply  seated  in  chloroplasts,  in  the  tissues  of  Pelargonium 
and  of  Canna  indie  a,  and  thinks  that  excentricity  of  striation 
is  not  due  to  lateral  deposition.  The  lateral  deposition 
hypothesis  he  finds  contradicted  by  the  fact  that  in  some 
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grains  he  observed  that  the  larger  side  of  the  grain  is 
opposite  to  the  position  of  the  leucoplast,  instead  of  being 
in  contact  with  it.  In  Maranta  arundinacea  he  observed 
cases  where  the  starch  grains  originated  in  contact  with  a 
leucoplast.  but  subsequently  became  free  from  it,  and  after¬ 
wards  grew  while  embedded  in  the  protoplasm. 

It  appears  therefore  most  probable  that  the  importance 
of  the  plastid  has  been  somewhat  exaggerated  in  connection 
with  the  development  of  starch  grains,  and  that  although 
its  influence  is  very  generally  exerted,  the  protoplasm  itself 
is  capable  of  forming  the  starch  grain  as  it  is  other  con¬ 
stituents  of  the  ordinary  cell  contents. 

Another  point  of  some  interest  arises  in  connection  with 
the  plastids,  whether  coloured  or  not.  It  has  been  generally 
held  that  they  are  not  differentiated  anew  from  the  proto¬ 
plasm  at  the  seat  of  their  appearance,  but  are  derived  from 
others  by  ordinary  fission.  On  this  hypothesis  one  at  least 
must  be  present  in  the  fertilised  egg-cell.  No  such  struc¬ 
ture  appears  in  the  pollen  grain,  or  the  pollen  tube,  and 
hence  all  the  plastids  of  a  plant  must  be  derived  from 
its  female  parent.  This  seems  an  anomaly  difficult  to 
explain. 

Glycogen  as  a  reserve  material  is  especially  charac¬ 
teristic  of  fungi,  in  several  of  which  it  has  been  detected. 
Usually  the  reserves  in  fungi  are  but  slight,  and  take 
various  forms,  especially  oil,  but  sometimes  cellulose  and 
glycogen,  the  latter  occurring  with  the  other  two  or  one  of 
them.  I  he  reserve  materials  of  fungi  have  chiefly  been 
studied  in  connection  with  the  sclerotia,  particularly  in  the 
case  of  ergot  ( Claviceps  purpurea).  In  the  sclerotia  de¬ 
scribed  by  Errera  (31)  as  Sclerotium  stipitatum ,  a  mass  of 
tissue  exists  consisting  of  small  thin-walled,  rounded  cells 
mixed  with  long  fibres,  whose  cavities  are  nearly  obliterated. 
The  former  are  filled  with  glycogen.  When  the  sclerotia 
germinate  the  glycogen  diminishes  in  amount,  and  in  some 
form  or  other  passes  into  the  new  hypha.  The  form  in  which 
it  travels  has  not  been  ascertained,  but  it  is  probably  a 
form  of  sugar  as  in  other  carbohydrate  migrations.  In  the 
young  hyphae  temporary  accumulations  or  transitory  re- 
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serves  may  be  found  deposited  in  the  form  of  granular 
masses,  which  stain  reddish  with  iodine.  According  to 

o 

Errera  the  reserve  oil  of  the  fungus  can  give  rise  to  similar 
formations.  The  mode  of  this  transformation  must,  how¬ 
ever,  be  very  different.  The  deposition  of  these  grains  of 
glycogen  has  also  been  studied  by  Belzung  (32),  who  has 
seen  the  process  in  the  hyphae  of  several  species.  He 
describes  them  as  starch  grains  of  small  size,  rather  than 
glycogen.  As,  however,  his  opinion  of  their  nature  is 
derived  from  staining  them  with  iodine,  too  much  stress 
need  not  be  laid  upon  this  point,  particularly  as  in  a  later 
paper  he  says  that  some  of  them  are  coloured  brown  by  the 
reagent. 

He  describes  their  deposition  as  associated  with  the 
presence  of  certain  corpuscular  bodies  which  themselves 
are  stained  brown  with  iodine.  These  he  conjectures  to 
be  of  the  same  nature  as  the  chlorophyll  bodies  of  the 
higher  plants,  on  the  origin  and  nature  of  which  he  holds 
peculiar  views.  Whatever  be  their  origin  they  appear  to 
function  in  the  way  of  Schimper’s  leucoplasts,  and  to  deposit 
the  carbohydrate  material,  whether  glycogen  or  starch,  in 
definite  granular  form. 

In  these  plants  the  consumption  of  the  reserve  carbo¬ 
hydrate  takes  place  particularly  during  the  development  of 
the  perithecia  and  the  formation  of  the  spores.  The  latter 
do  not,  however,  contain  any  glycogen,  their  reserves 
taking  the  form  of  oil.  On  their  germination,  however, 
as  the  oil  disappears  the  young  hyphae  are  often  found  to 
contain  transitory  glycogen,  much  as  in  the  germination  of 
oily  seeds  the  young  tissues  contain  transitory  starch. 

Though  the  details  of  the  transformations  are  obscure, 
there  seems  to  be  little  doubt  that  the  two  bodies  are 
intimately  connected  with  one  another.  Also  that  in  the 
fungus  the  glycogen  takes  the  place  occupied  in  the  green 
plant  by  starch. 
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MOUNTAIN  SICKNESS. 


BASED  ON  NOTES  BY  MR.  W.  M.  CONWAY  OF  HIS  EX¬ 
PERIENCES  IN  THE  KARAKORAM  HIMALAYAS. 

WHEN,  in  mountain  climbing,  a  height  of  16,000  to 
17,000  feet  is  reached,  the  generality  of  people 
experience,  to  a  greater  or  less  degree,  a  train  of  symptoms 
to  which  the  term  mountain  sickness  (Fr.  mal des  montagnes ; 
Ger.  Bergkrankheit )  is  applied.  These  symptoms  become 
more  and  more  distressing  the  more  the  above  heights  are 
exceeded,  without  however  varying  in  kind.  They  may 
become  so  serious  that  the  life  of  the  individual  is  en¬ 
dangered.  There  is  still  a  good  deal  that  is  obscure  about 
the  condition,  therefore  the  observations  made  by  Conway, 
who  with  his  party  has  climbed  higher  than  any  previous 
traveller,  and  who  seems  a  very  good  observer,  are  of 
interest  and  importance.  When  he  left  England  for  his 
expedition  in  the  Karakoram  district  he  took  with  him,  at 
Professor  Clifford  Allbutt’s  suggestion,  a  Dudgeon’s  sphyg- 
mograph  with  which  he  obtained  pulse  curves  at  different 
heights  up  to  23,000  feet  from  himself  and  other  members 
of  his  expedition.  Some  of  these  tracings  were  lost  in  trans¬ 
mission  to  England,  but  enough  remains  to  teach  all  that 
we  can  expect  to  learn  from  such  records.  These  curves 
he  has  placed  in  my  hands  for  examination,  and  I  will 
presently  reproduce  some  of  the  more  important  of  them 
and  draw  such  conclusions  as  they  seem  to  allow  of. 

On  Conway’s  return  to  England  I  asked  him  to  write 
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out  his  notes  on  the  effects  of  height,  and  let  me  have  them 
along  with  the  pulse  curves.  I  here  insert  these  notes 

GENERAL  NOTES  BY  W.  M.  CONWAY. 

Vomiting . — We  had  only  two  cases  of  this,  both 
Gurkhas  ;  one  at  Footstool  Camp  (about  17,000  feet),  the 
other  on  the  Pioneer  Peak,  where  Amar  Sing  had  to  stop 
at  22,000  feet,  on  the  '‘Water  Col”.  The  Gurkha  ill  at 
Footstool  Camp  was  a  youth.  The  Gurkhas,  for  caste 
reasons,  had  to  eat  their  ordinary  food  everywhere.  We 
changed  our  feed  as  we  went  higher,  and  on  the  actual 
ascent  of  big  peaks  only  ate  Kola  biscuits  after  leaving 
camp  and  before  getting  back  to  it  again.  I  ascribe  our 
freedom  from  indigestion  to  this  precaution. 

As  to  our  general  experiences  I  may  note  as  follows  : — 

The  effect  of  altitude  came  upon  us  all  quite  gradually, 
and  appeared  to  affect  the  native  coolies  (born  and  bred  at 
10,000  feet),  as  much  as  ourselves.  There  were  slight 
individual  differences  between  us,  but  nothing  at  all  marked. 
The  way  altitude  showed  itself  was  by  our  diminished  pace 
when  we  thought  we  were  going  as  fast  as  at  lower  levels. 
Referring  to  our  ascent  from  Asholey  to  Baltoro,  then  up 
the  Baltoro  glacier  to  Junctidn  Camp,  Footstool  Camp, 
and  so  to  the  top  of  the  Pioneer  Peak  (23,000  feet), 
descending  to  Footstool  Camp  and  then  down  the  Baltoro 
glacier  again  to  Corner  Camp,  Baltoro  and  Asholey,  I  note 
that  we  first  became  definitely  conscious  of  discomfort 
between  Junction  Camp  (16,000  feet)  and  Footstool  Camp 
(17,000  feet) — a  very  gentle  slope.  I  halted  at  Junction 
Camp  ;  Bruce  and  Zurbriggen  went  on  to  Footstool  Camp, 
and  it  was  there  that  the  young  Gurkha  was  sick  and 
generally  upset.  Bad  weather  came  on,  and  Bruce  and 
Zurbriggen  returned  to  Junction  Camp  and  warned  us  that 
we  should  feel  the  altitude  a  short  way  farther  up.  I 
stayed  four  days  at  Junction  Camp  and  then  followed  Bruce 
and  Zurbriggen  to  Footstool  Camp.  I  ought  to  have  been 
habituated  to  altitude  by  then,  but  was  not,  and  felt  exactly 
as  Bruce  and  Zurbriggen  had  felt  both  times  they  passed 
that  way.  This  part  of  the  glacier  was  a  straight  almost 
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level  trough  between  two  high  walls  of  mountains  right  and 
left.  Above  Footstool  Camp  the  ascent  was  through  a 
difficult  ice-fall.  Here,  when  we  got  into  enclosed  places, 
with  the  sun  hot  on  us,  we  felt  altitude  badly,  when  in 
shady  places  less,  and  in  general  when  the  sun  was  hot  on 
us  we  always  felt  worse  than  when  it  was  shut  off  by 
clouds,  rocks,  or  ice.  There  was  as  we  ascended  a  steady 
diminution  in  our  powers,  a  desire  to  keep  the  arms  from 
hanging  by  our  sides,  a  disinclination  to  start  observing 
instruments  or  doing  anything.  We  had  to  breathe 
steadily,  the  least  holding  of  the  breath  (to  observe  an 
instrument,  or  take  a  long  stride),  being  instantly  punished 
by  giddiness  and  puffing.  The  higher  we  got  the  more 
conscious  were  we  of  our  hearts— unable  to  sleep  on  our 
left  sides,  tendency  to  palpitation  even  at  night.  Our 
feet  easily  and  rapidly  got  cold  and  lost  sensation.  By 
night  we  were  always  more  comfortable  than  by  day,  and  in 
cloudy  than  in  fine  weather.  We  could  have  done  much 
more  by  night  if  our  feet  had  been  able  to  hold  out  against 
the  cold.  On  the  peak  we  felt  much  worse  on  slopes  than 
on  the  arete  ;  we  had  difficulty  to  restrain  ourselves  from 
taking  to  the  “cornice”.  We  often  felt  in  hollow  places 
and  even  on  slopes  the  sensation  as  though  the  air  was 
stagnant.  The  night  at  the  highest  camp  after '  the  ascent 
of  Pioneer  Peak  was  our  worst  night ;  palpitations  constantly 
woke  me  up.  In  the  descent  we  felt  discomfort  (such  as 
was  experienced  in  the  ascent  between  Junction  and  Foot¬ 
stool  Camps)  down  to  a  much  lower  level,  as  far  as  Corner 
Camp  (13,000  feet),  than  we  had  felt  in  the  ascent.  We 
seemed  to  become  continuously  less  able  to  hold  out  against 
altitude,  the  longer  we  remained  at  a  high  level.  I  several 
times  took  my  temperature,  but  never  hit  it  at  anything  but 
normal.  I  did  not  take  it  on  Pioneer  Peak.  I  have  said 
that  I  thought  our  appetites  remained  as  usual.  I  think 
that  I  was  in  error.  We  did  not  eat  so  much  at  the  two 
highest  camps,  but  we  should  have  eaten  more  than  we  did 
if  we  had  had  more  to  eat.  I  can’t  say  how,  in  that  case, 
we  should  have  been  affected. 
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The  ages  of  the  European  members  of  the  party  were — 
W.  M.  Conway,  36  ;  M.  Zurbriggen,  34  ;  J.  McCormick, 
33  ;  J.  H.  Roudebush,  2 1  ;  O.  Eckenstein,  34. 

With  regard  to  the  height  at  which  distinct  symptoms 
first  show  themselves,  Conway’s  account  agrees  very  well 
with  the  experiences  of  the  Schlagintweits,  (1)  who  had  very 
extended  experience  and  moved  with  fairly  large  parties  of 
natives  among  the  Himalaya,  Karakoram,  and  Kuenluen 
districts,  and  who  noted  that  “  for  the  generality  of 
people  the  influence  of  height  begins  at  16,500  feet,  a 
height  nearly  coinciding  with  that  of  the  highest  pasture- 
grounds  visited  by  shepherds.”  Conways  party  first 
became  conscious  of  discomfort  between  16,000  and  17,000 
feet.  Whymper’s  (2)  expedition  to  the  Great  Andes  of  the 
Equator  first  felt  real  discomfort  at  16,664  feet. 

For  healthy  men  in  good  training  who  take  carefully 
chosen  food  we  may  therefore  accept  the  Schlagintweits’ 
limit  as  fairly  accurate,  while  for  people  who  are  not  in 
good  condition,  or  who  take  food  which  they  cannot  digest, 
the  limit  may  be  very  greatly  lowered — a  point  which  -I  will 
presently  consider.  This  lower  limit  of  distress  in  mountain 
climbing  is  therefore  put  wonderfully  closely  by  the  three 
sets  of  observers  named.  Whether  it  can  be  raised  by 
prolonged  residence  at  high  levels  is,  I  think,  doubtful,  and 
on  this  point  it  is  not  easy  to  obtain  information  of  much 
value  seeing  that  in  the  absence  of  exact  measurements 
observers  may  get  so  accustomed  to  what  at  first  distressed 
them  as  to  undervalue  it. 

I  he  symptoms  of  mountain  sickness  as  described  by  a 
very  large  number  of  observers  (3)  maybe  stated  as  follows, 
keeping  in  mind  that  some  only  of  them  are  noted  by  each 
writer. 

Those  constantly  met  with  are  great  difficulty  in  getting 
enough  air  into  the  lungs,  and  a  corresponding  feeling  of 
anxiety  and  distress,  together  with  greatly  increased 
dyspnoea  and  fatigue  on  exertion  and  lassitude  when  at 
rest,  d  he  respirations  are  rapid,  short,  and  gasping,  and 
the  ability  for  active  exertion  is  much  lessened,  all  these 
signs  being  met  with  in  animals  as  well  as  in  man. 
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Common  symptoms  are  palpitation  of  the  heart  with  a 
quickened  pulse,  severe  headache,  giddiness,  singing  in 
the  ears,  diminished  appetite,  nausea  with  or  without 
vomiting,  bleeding  at  the  nose,  and  coldness  of  the  ex¬ 
tremities.  Fairly  common  are  indifference  to  danger,  and 
loss  of  interest  in  things  generally,  often  with  a  tendency 
to  somnolence — although  in  some  there  is  increased  excita¬ 
bility — spitting  of  blood  due  to  haemorrhage  from  the  lips, 
gums,  air  passages,  or  lungs.  Bleeding  from  the  con- 
junctivae  is  sometimes  observed,  as  also  blurring  of  the 
sight,  diarrhoea,  and,  in  severe  cases,  muscular  weakness  so 
great  that  standing  or  sitting  up  is  no  longer  possible  ; 
eventually  the  limbs  may  become  completely  paralysed,  and 
there  may  ensue  loss  of  consciousness,  and  death. 

Curiously  enough,  lividity  of  the  face,  and  especially  of 
the  lips,  which  must  be  familiar  to  every  Alpine  climber  at 
heights  of  12,000  to  15,000  feet,  is  apparently  overlooked 
by  most  writers  or  wrongly  ascribed  to  cold. 

The  first  question  I  have  to  consider  is  whether  these 
symptoms  are  referable  to  one  condition — viz. ,  insufficient 
supply  of  oxygen,  or  whether  this  may  be  complicated  by 
other  conditions  which  require  to  be  taken  into  account. 
If  they  be  all  due  to  dyspnoea  or  asphyxia  alone  they 
include  phenomena  which  are  not  generally  recognised  by 
pathologists  as  possible  results  of  imperfect  supply  of  air, 
while  if  they  be  complicated  with  some  other  result  of  the 
rarefaction  of  the  air,  it  is  desirable  that  these  possible 
complications  should  be  clearly  recognised. 

How  far  do  the  known  results  of  dyspnoea  on  the  animal 
body  correspond  with  the  phenomena  above  referred  to  ? 

The  gasping  respiration  we  know  well  as  the  constant 
result  of  imperfect  supply  of  air  to  the  lungs  when  the  air 
passages  are  unobstructed.  We  may  equally  safely  put 
down  the  muscular  weakness  to  imperfect  supply  of  oxygen 
which  we  know  is  necessary  for  the  contractions  of  the 
muscles. 

The  heart  symptoms — viz. ,  the  palpitation  and  the 
acceleration  of  the  rhythm — may  safely  also  be  ascribed  to 
the  dyspnoea.  On  arresting  the  respiration  in  the  lower 
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animals  there  is  at  first  powerful  vagus  action,  and  the 
auricular  beats  soon  become  so  weakened  that  the  ventricles 
take  on  their  own  independent  rhythm.  It  cannot  in  the 
meantime  be  proved  that  this  causes  the  subjective  feeling 
of  palpitation  of  the  heart,  and  it  can  only  be  said  that  the 
independent  ventricular  contractions  show  themselves  under 
conditions  similar  to  those  which  produce  the  feeling  of 
palpitation  of  the  heart,  and  that  the  latter  is  just  the  kind 
of  feeling  one  would  expect  when  the  heart  changes  its 
mode  of  contraction  in  this  particular  way.  In  asphyxia  as 
produced  in  animals  there  is  a  very  great  dilatation  of  the 
ventricular  walls  although  the  strain  upon  them  (measured 
by  the  amount  of  blood  pumped  out  plus  the  pressure  in 
the  aorta  and  pulmonary  arteries)  may  not  have  been  in¬ 
creased.  This  yielding  of  the  ventricular  wall  is  almost 
certainly  due  to  the  diminution  in  amount  of  oxygen  in  the 
blood  circulating  in  the  coronary  arteries  (4). 

This  weakening  of  the  heart  brings  the  vagus  mechanism 
into  increased  activity,  the  effect  of  which  on  the  heart  is 
to  economise  its  action  ;  and  palpitation,  if  I  am  right  about 
its  nature,  is  under  the  circumstances  an  indication  that  the 
heart  is  distressed. 

To  the  cardiac  dilatation  due  to  asphyxia  is  added  the 
dilatation  which  is  caused  by  muscular  exertion  ;  the  two 
together  will  lead  to  heart-failure  more  readily  than  either 
of  them  singly  ;  by  heart-failure  being  understood  the 
condition  in  which  from  its  over  dilatation  the  tricuspid 
orifice  can  be  no  longer  closed  by  the  tricuspid  valve. 

There  is  no  doubt  that  heart-failure  is  of  not  uncommon 
occurrence  even  in  the  Alps  (5),  and  that  when  it  occurs 
the  person  suffering  from  it  is  practically  incapacitated  from 
further  climbing  owing  to  intense  dyspnoea,  palpitation,  and 
irregularity  of  the  heart.  Guides,  who  know  the  condition 
perfectly  well  in  their  own  cases,  or  in  that  of  their  “  Her- 
ren,”  have  told  me  that  when  badly  taken  with  it  near  the 
top  of  a  mountain,  the  only  way  to  get  the  person  up  the 
last  100  feet  or  so,  is  to  practically  carry  him  up.  The 
incapacity  for  further  exertion  is  certainly  very  great,  as  I 
happen  to  know,  but  a  quarter  or  half  an  hour’s  rest 
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generally  makes  the  person  feel  all  right  again,  recovery 
beginning  to  take  place  in  ten  minutes  or  so,  although  at 
first,  sitting  down  gives  no  relief  to  the  distress.  I  must 
return  to  this  subject  later. 

I  now  come  to  the  other  symptoms  of  mountain  sickness, 
and  have  to  consider  how  far  they  can  be  looked  upon  as 
due  to  asphyxia.  The  headache,  with  a  sense  of  fulness,  as 
if  a  tight  band  were  drawn  round  the  head,  may  be  safely 
put  down  to  cerebral  congestion,  and  the  haemorrhages  from 
the  nose  and  conjunctiva  agree  with  the  known  fact  that 
the  blood  supply  of  the  latter  usually  goes  with  that  of  the 
brain.  Cerebral  congestion  is  a  constant  result  of  asphyxia  (7). 
The  giddiness,  nausea,  vomiting,  blurring  of  the  sight,  and 
the  indifference  to  danger,  somnolence,  and  perhaps  also 
the  excitability,  are  all,  I  imagine,  caused  by  the  diminished 
supply  of  oxygen  to  the  brain,  which  is  perfectly  compatible 
with  congestion  of  that  organ  if  the  tension  ol  the  oxygen 
in  the  blood  be  reduced.  1  he  nausea  and  vomiting  are  of 
cerebral  origin,  for  they  do  not  cease  with  evacuation  of  the 
stomach,  although  they  may  follow  the  ingestion  of  food, 
and  may  become  more  marked  as  a  result  of  indigestion. 
The  lessened  appetite  and  diminished  power  of  digestion 
are  presumably  due  to  the  anaemia  of  the  digestive  tract, 
which  are  invariably  produced  by  asphyxia,  according  to 
observations  by  L.  Cobbett  and  myself,  which  are  as  yet 
unpublished.  The  singing  in  the  ears  may  be  due  in  part 
to  difference  in  pressure  of  the  air  within  and  without  the 
tympanic  membrane,  the  Eustachian  tube  not  completely 
fulfilling  its  function  in  this  respect. 

The  muscular  weakness  I  have  already  referred  to  as  due 
to  the  imperfect  supply  of  oxygen  to  the  muscles.  The 
ready  cooling  of  the  extremities  which  prevented  Conway  s 
party  from  moving  by  moonlight  at  high  altitudes  I  am 
inclined  to  put  down  to  the  diminished  heat  production, 
which  results  from  the  imperfect  supply  of  oxygen  to  the 
muscles,  which  are  the  chief  sources  of  heat  in  the  body, 
and  which  may  be  aided  by  congestion  of  the  skin  increasing 

the  amount  of  heat  given  off  by  it. 

So  far  as  the  symptoms  are  concerned,  we  need  therefore 
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be  in  no  difficulty  regarding  the  nature  of  mountain  sick¬ 
ness.  It  is  asphyxia.  The  important  feature  in  the 
asphyxia  of  mountain  sickness  is  the  reduction  in  the 
amount  of  oxygen  supplied  to  the  tissues,  but  the  same 
effect  is  produced  if,  with  a  limited  supply  of  oxygen  to  the 
system,  there  be  from  any  cause  an  increased  demand  for 
it  by  the  tissues.  Muscular  exertion  is  the  most  familiar 
example  of  this,  and  the  greatly  increased  distress  which 
results  from  attempts  at  active  movement,  is  one  of  the 
features  of  mountain  sickness.  There  is  another  cause  of 
increased  demand  for  oxygen  by  the  tissues  which  is  of 
importance  in  connection  with  mountain  sickness,  viz., 
fever.  This  is  well  illustrated  by  Whymper  s  experiences 
on  Chimborazo  (loc.  cit. ),  where  at  a  height  of  16,664  feet 
he  and  two  others  of  his  party  had  an  alarmingly  acute 
attack  of  what  they  considered  mountain  sickness.  This 
came  on  suddenly  after  a  meal,  one  of  the  four  members  of 
the  party  being  unaffected.  Those  affected  felt  feverish, 
thirsty,  and  had  intense  headache  with  extreme  dyspnoea. 
These  symptoms  lessened  a  good  deal  next  day,  and  two  of 
the  party  were  able  to  climb  on  the  third  day.  No  such 
intense  distress  was  experienced  by  any  of  them  on  climbing 
more  than  3000  feet  higher.  Whymper  recognises  that 
this  attack  must  have  had  a  temporary  cause,  but  he  appears 
to  have  overlooked  the  fact  that  fever  is  not  present  in  true 
mountain  sickness,  and  that  in  all  probability  it  was  a  case 
of  poisoning  with  putrid  food.  Whymper  mentions  that 
some  of  his  tinned  meat  had  gone  wrong,  and  it  is  curious 
that  he  should  have  overlooked  the  possible  connection  of 
this  with  the  attack  from  which  he  and  the  Carrels  suffered 
on  Chimborazo,  d  he  serious  symptoms  of  asphyxia  are  only 
what  would  naturally  be  expected  to  accompany  any  rise  of 
temperature  of  the  body  at  high  altitudes. 

I  now  come  to  the  real  gist  of  the  matter,  the  question 
which  Professor  Clifford  Allbutt  hoped  would  be  decided 
by  Conway  s  observations  with  the  sphygmograph,  namely, 
whether  heart-failure  is  an  essential  element,  indeed  the 
essential  element,  in  mountain  sickness  ?  Asphyxia,  from 
whatever  cause,  can  produce  cardiac  weakness  and  dilata- 
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tion,  while,  on  the  other  hand,  heart-failure,  owing  to  the 
imperfect  circulation,  and  therefore  imperfect  aeration  of 
the  blood,  is  a  common  and  well-recognised  cause  of 
dyspnoea  or  asphyxia.  If  dyspnoea  or  asphyxia  leads 
at  altitudes  of  between  16,000  and  17,000  feet  to  heart- 
failure  on  moderate  exertion,  a  vicious  circle  is  produced, 
since  the  asphyxia  tends  to  produce  heart-failure,  and  vice 
versa. 

If  this  be  the  case,  the  limits  of  mountain  climbing,  as 
regards  height  which  can  be  reached,  become  more  re¬ 
stricted  than  would  be  the  case  if  we  had  to  deal  with 
asphyxia  alone. 

To  state  the  point  about  heart-failure  more  clearly,  let 
me  insist  that  the  heart  is  a  pump,  which  must  pass  on  in 
healthy  man  or  animals  an  amount  of  blood,  which  varies 
greatly  at  different  times,  in  order  to  meet  the  requirements 
of  the  system  as  a  whole.  If  the  heart’s  work  (expressed 
by  the  quantity  of  blood  passed  on,  and  the  hydrostatic 
pressure  against  which  this  blood  is  expelled)  be  increased 
beyond  a  given  limit,  the  heart  as  a  pump  becomes  in¬ 
efficient  from  dilatation  of  the  ventricles,  so  that  the  valves 
between  the  latter  and  the  auricles,  can  no  longer  close 
completely.  This  inefficiency  of  the  cardiac  pump  can  be 
produced  in  two  chief  ways.  Firstly,  by  increasing  the 
work  thrown  upon  the  heart  ;  and,  secondly,  by  diminishing 
the  power  of  the  heart.  The  diminution  in  power  of  heart 
can  be  produced  by  a  great  many  causes,  one  of  which  is 
imperfect  supply  of  oxygen  to  the  organ.  Others  are, 
alcohol,  tobacco,  tea,  disease  of  the  heart,  etc.  Increase  of 
work  may  be  given  by  muscular  exertion,  fever,  mental 
excitement,  etc.,  etc.  Any  one  of  all  the  above  causes  is 
capable  by  itself  of  producing  heart-failure.  In  most  cases 
two  or  more  of  them  are  combined.  F  or  example,  there  can 
be  little  doubt,  from  the  observations  ot  Clifford  Allbutt 
and  others,  that  many  of  the  cases  of  the  mountain  sickness 
which  occurs  at  low  altitudes,  and  which  has  so  often  been 
described  in  the  Alps  and  elsewhere,  are  really  cases  of 
heart-failure  from  over  exertion  and  imperfect  training, 
combined  perhaps  in  some  cases  with  error  in  diet. 
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Indeed,  heart-failure  which  cannot  be  distinguished  from 
true  mountain  sickness  may  occur  at  the  sea  level.  The 
point  we  have  to  consider,  then,  is  how  far  Conway’s  obser¬ 
vations  and  pulse-tracings  indicate  whether  or  not,  while 
suffering  from  true  mountain  sickness,  there  was  also  heart- 
failure. 

I  give  here  reproductions  of  the  pulse  tracings  of 
Conway  and  his  party,  taken  at  different  altitudes,  having 
chosen  twenty-one  of  the  total  twenty-seven  curves  which 
have  been  submitted  to  me,  those  omitted  being  taken  at 
lower  levels  than  those  shown,  and  being  therefore  of  less 
interest  in  the  present  connection.  The  letters  to  the  left 
of  the  figures  show  from  whom  each  tracing  was  ob¬ 
tained,  and  the  numbers  give  the  pulse-beats  per  minute, 
which  I  have  calculated  from  the  rate  of  movement  of  the 
clockwork  used  to  move  the  paper  past  the  point  of  the 
recording  lever.  The  descriptions  to  the  right  of  the 
figures  are  Conway’s  notes.  I  will  analyse  the  tracings 
briefly,  without  seeking  to  confine  my  remarks  to  the 
question  as  to  whether  they  do  or  do  not  indicate  that 
heart-failure  is  an  essential  element  in  mountain  sickness, 
and  I  make  allowance  for  the  inaccuracy  of  the  sphygmo- 
graph  employed. 

Of  the  curves  in  Fig.  i,  Conway’s  and  McCormick’s 
are  ordinary  tracings,  such  as  one  usually  obtains  from  healthy 
men  with  a  Dudgeon’s  sphygmograph,  and  the  pulse-rate 
is  within  the  usual  limits  of  quiet  life.  Roudebush’s  and 
Eckensteins  show  a  more  rapid  beat,  with  the  change  in 
the  form  of  the  pulse-wave  which  usually  goes  with  it. 

Fig.  2  shows  that  the  four  members  of  the  party  were 
fatigued,  the  quick  pulse  rate  in  the  absence  of  fever 
indicating  a  demand  by  the  tissues  for  more  blood.  I 
cannot  go  over  the  reasons  which  exist  for  believing  that 
the  “  nervi  accelerantes  cordis”  have  for  their  function  to 
increase  the  force  and  frequence  of  the  heart  in  response 
to  demands  of  the  rest  of  the  body  for  more  nutriment  (4), 
and  need  only  note  that  the  form  of  the  curves  corresponds 
with  the  increased  rate  of  heart-beat.  It  can  be  seen, 
however,  that  at  the  elevation  of  14,000  feet  the  hearts  of 
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the  four  individuals  concerned  were  beating  very  rapidly 
indeed — more  than  was  the  case  with  the  same  persons 
when  they  had  climbed  8000-9000  feet  higher.  From 
this  I  conclude  that  fatigue  or  excitement,  or  both,  rather 
than  the  rarefaction  of  the  atmosphere  is  the  cause  of  the 
quick  pulse  rate  which  has  been  associated  with  mountain 
sickness.  Figs.  4-12  show  that  at  heights  of  1 7,000-23,000 
feet  the  heart-beat  need  not  be  greatly  quickened. 

Fig.  3,  showing  tracings  taken  at  r 6,000  feet,  reveals 
nothing  abnormal  in  the  form  of  the  pulse  curves.  Fig.  4, 
at  17,000  feet,  shows  curves  which  one  may  get  any  day 
at  sea-level. 

Fig.  5,  at  18,000  feet,  cannot  be  called  at  all  unusual. 
Fig.  6,  at  the  same  height,  may  be  called  a  good  healthy 
pulse.  Fig.  7  is  more  dicrotic  than  is  usual,  but  is  not 
abnormal.  Fig.  8,  at  20,000  feet,  with  a  fall  to  48  heart¬ 
beats  per  minute,  shows  vagus  action,  the  ventricles 
missing  every  alternate  beat  of  the  weakened  auricular 
contractions.  It  is  one  form  of  the  pulse  of  a  distressed 
heart  and  the  form  of  the  wave  corresponds.  Fig.  9,  in 
Conway’s  case,  looks  like  an  anacrotic  pulse  wave,  which 
is  generally,  but  not  always,  associated  with  high  arterial 
pressure  ;  but  in  any  case  Zurbriggen’s  tracing  at  the  same 
height  is  not  one  of  high  pressure.  Figs.  11  and  12  are  of 
not  unusual  form,  and  the  rate  of  heart-beat  is  slowed  down 
to  about  the  normal  in  unfatigued  individuals. 

It  may  be  said  at  once  that  these  tracings  do  not  enable 
us  to  decide  the  question  as  to  whether  heart-failure  is  or 
is  not  an  essential  element  in  mountain  sickness.  Two  of 
them  show  unmistakably  increased  vagus  action  on  the 
heart,  but  the  others  show  rather  evidence  of  fatigue  than 
anything  else.  The  vagus  action  is  a  sign  of  a  distressed 
heart,  and  is  usually  if  not  always  present  in  heart-failure, 
but  it  is  often  enough  brought  into  play  long  before  the 
heart  has  become  overstrained.  The  palpitation  of  the 
heart  which  is  so  commonly  noted  in  mountain  sickness 
and  exertions  is,  as  we  have  pointed  out,  another  sign  of 
a  distressed  heart.  It  must  be  remembered  that  the 
tracings  were  taken  during  periods  of  rest,  when  the  rare- 
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faction  of  the  air  alone,  and  the  consequent  diminution 
of  the  oxygen  in  the  blood,  was  the  only  influence  tending 
to  weaken  the  heart. 

During  such  periods  of  rest,  the  comparative  regularity 
of  the  tracings  is  against  the  likelihood  of  failure  of  the 
heart  at  such  times,  and  this  is  pretty  well  all  one  can  say 
about  them.  They  do  not,  and  they  cannot,  enable  us  to 
decide  definitely  whether  the  heart  is  overstrained  during 
the  exertion,  which  is  a  necessary  part  of  mountain  climbing. 
I  know  of  only  one  means  by  which  this  important  question 
can  be  definitely  decided,  and  that  is  by  using  a  stethoscope, 
and  learning  whether  or  not  a  heart-murmur  accompanies 
the  first  sound  of  the  heart  during  exertion.  If  it  does,  we 
may  diagnose  functional  incompetence  of  the  mitral  or 
tricuspid  valve,  or  both,  and  therefore  the  failure  of  one  or 
both  ventricles  ;  if  the  murmur  be  not  present  under  these 
conditions  we  must  in  the  meantime  exclude  heart-failure. 

Conway’s  observation  that  more  distress  was  experienced 
in  hollow  places  than  when  walking  on  an  arete,  confirms 
what  has  been  noted  by  others.  This  may  be  due  to  the 
fact  that  water  takes  up  more  oxygen  than  nitrogen  from 
the  air,  so  that  when,  on  a  high  peak,  the  sun  falls  upon  the 
snow,  melting  a  certain  part  of  ft,  the  neighbouring  air  is 
robbed  of  some  of  its  oxygen.  The  wind  on  a  ridge  need 
not  have  passed  over  fields  of  melting  snow,  and  may  there¬ 
fore  contain  a  larger  percentage  of  oxygen.  The  difference 
in  the  amount  of  oxygen  compared  with  nitrogen  which 
water  obtained  from  melting  ice  takes  up  is  not  very  great, 
and  the  fact  is  probably  not  of  much  importance,  but  seeing 
that  the  two  gases  will  not  be  dissolved  in  the  proportions 
in  which  they  exist  in  the  atmosphere,  but  will  each  be 
dissolved  as  if  it  were  the  only  gas  present,  we  may  have, 
even  if  the  melting  snow  takes  up  equal  volumes  of  oxygen 
and  nitrogen,  a  very  serious  lowering  of  the  percentage  of 
oxygen  in  the  air  which  rests  or  passes  over  the  melting 
snow.  This  offers  to  my  mind  a  very  probable  explanation 
of  the  increased  distress  felt  by  Conway  in  hollow  places, 
especially  when  the  sun  was  shining  on  them. 

Conway  does  not,  in  his  notes,  refer  to  variation  in  the 
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degree  of  distress  with  the  direction  of  the  wind  ;  but  this 
is  a  subject  which  was  much  noticed  by  the  Schlagintweits, 
and  by  numerous  other  observers,  who  found  that  they  were 
most  distress  when  there  was  a  wind  from  some  particular 
direction.  There  is  no  reason  for  supposing  that  this  was 
due  to  temporary  variations  in  the  barometric  pressure — as 
such  an  obviously  possible  explanation  could  not  have  been 
very  easily  overlooked  by  the  Schlagintweits.  It  is  certain 
that  air  which  has  passed  over  a  large  area  of  snow  melted 
by  the  sun  will  have  suffered  a  diminution  of  its  oxygen. 
If  this  idea  be  correct,  such  winds  ought  to  be  most 
distressing  in  the  afternoon  when  the  quantity  of  water 
set  free  by  the  melting  of  the  snow  is  greatest.  On 
being  frozen  again  at  nightfall,  the  melted  snow  will  give 
off  relatively  a  large  proportion  of  oxygen,  which  may 
explain  why  Conway  and  his  party  felt  so  much  better 
at  night.  It  is  possible  that  the  increased  distress  felt  by 
Conway  and  others  in  sunshine  as  compared  with  shade 
or  cloudy  weather,  was  in  part  due  to  the  increased  demand 
for  oxygen  by  the  body  when  warmed  by  the  sun’s 
rays.  Another  point  that  strikes  one  in  going  over  the 
literature  of  Mountain  Sickness  is  that  sometimes,  especially 
in  the  Andes,  dangerous  symptoms  show  themselves  at 
altitudes  below  17,000  feet  in  persons  riding  on  horse  or 
mule-back,  and  where  there  is  therefore  no  question  of  over¬ 
exertion.  I  have  been  at  pains  to  follow  out  some  of  these 
cases,  and  find  that  previous  attacks  of  malarial  fever  are 
recorded.  The  diminished  amount  of  haemoglobin  in  the 
blood  which  follows  malaria  will,  in  these  cases,  readily 
account  for  the  asphyxia  which  shows  itself,  and  may  cause 
death  in  men  and  animals  at  heights  below  1 7,000  feet. 

While  thanking  Conway  most  cordially  for  all  he  has 
done  in  the  past  in  adding  to  our  knowledge  about  mountain 
sickness,  I  would  venture  to  ask  him,  when  next  he  goes 
mountain  climbing  above  17,000  feet,  to  purchase  before 
leaving  England  a  binaural  stethoscope,  and  get  some 
medical  friend  to  put  him  in  the  way  of  recognising  a  heart- 
murmur,  and  to  use  this  stethoscope  on  himself  and  others 
of  the  party  during  or  immediately  after  exertion. 
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One  other  point  remains,  and  that  is,  how  far,  judging 
from  the  observations  and  tracings  which  are  reproduced 
above,  Conway  had  reached  the  highest  climbable  altitude. 
During  rest  at  least,  even  at  23,000  feet,  the  curves  indicate 
on  the  whole,  that  muscular  fatigue  and  distress  of  the 
heart  were  present  rather  than  the  nearly  complete  collapse 
of  muscular  power  which  accompanies  well-marked  heart- 
failure  with  the  vagus  slowing  and  irregularity.  There  is, 
therefore,  no  obvious  reason  why  they  should  not  have 
gone  higher,  if  they  could  do  it  quietly  enough  and  if  they 
could  choose  their  own  times  for  going  on  and  camping, 
etc.,  which  of  course  is  the  real  difficulty.  The  curves  show 
that  they  were  in  a  condition  to  go  on,  and  they  agree  with 
Conway’s  own  feeling  that  they  had  not  come  to  the  end  of 
their  tether. 
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HE  physical  anthropology  of  the  Peninsula  was  unti 


X  quite  lately  a  kind  of  tei'ra  incognita ,  which  may 
even  still  be  said  of  that  of  Portugal  ;  but  the  reproach  has 
been  wiped  away  from  Spain  pretty  completely  within  the 
last  five  or  six  years. 

What  knowledge  we  had  prior  to  1889  on  the  subject 
had  no  scientific  basis,  except  so  far  as  the  Basques  were 
concerned.  Broca’s  invasion  of  Guipuzcoa,  or  rather  his 
acquisition,  through  Dr.  Velasco,  of  the  famous  collection 
of  skulls  from  Zaraus,  had  shown  that  there  at  least  meso- 
kephaly  of  a  particular  type  preponderated,  and  that  the 
old  hypothesis  of  their  affinity  with  the  Lapps,  based  as  it 
was  upon  hasty  philological  conclusions,  was  not  at  all 
borne  out  by  craniometry. 

Dr  Landa 1  followed  with  some  observations  of  the 
kindred  people  of  Navarre,  but  nothing  of  importance  was 
added  until  1889,  when  the  brilliant  little  work  of  Telesforo 
de  Aranzadi  appeared.  This  was  based  on  the  principles 
ot  concentration  and  thoroughness;  in  locality  it  was  confined 
to  Guipuzcoa  and  a  small  part  of  Biscay,  in  numerical  extent 
to  250  young  soldiers  ;  but  within  these  limits  it  extended 
to  stature,  headform,  facial  angle,  nasal  index,  proportion  of 
features,  proportion  of  limbs,  colour  of  hair,  eyes  and  skin, 
and  association  of  most  of  these  with  each  other. 

In  his  next  important  work  De  Aranzadi  was  associated 
with  De  Hoyos-Sainz.  It  was  a  brief  account  of  the  dis¬ 
tribution  of  the  kephalic  index  in  the  provinces  of  Spain, 
founded  on  the  examination  of  478  modern  crania,  of  which 
423  were  sufficiently  perfect  to  yield  also  the  nasal  index. 
Unfortunately  14  of  the  48  provinces  were  wholly  un¬ 
represented  in  the  collections  to  which  the  authors  had 

1  It  is  worthy  of  note,  as  a  witness  to  the  accuracy  of  both  observers, 
that  Landa,  who  measured  63  persons  in  Navarre,  and  Oloriz,  who 
examined  112,  made  the  average  (live)  index  78*32  and  78*4°  respectively, 
thus  agreeing  within  one  tenth  of  a  degree. 
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access,  while  in  16  others  the  number  of  crania  was  less 
than  io.  These  deficiencies,  both  total  and  partial,  are 
mostly  in  the  east  and  south-west,  the  whole  of  Cataluna 
and  several  provinces  of  Aragon,  Valencia  and  Lower  An¬ 
dalusia  being  awanting.  The  Basque  provinces,  Asturias, 
Galicia,  Segovia,  Cuenca  and  Toledo,  are  best  represented. 

A  still  more  markworthy  work  is  that  of  Professor 
Oloriz,  which  has  but  recently  appeared.  It  is  a  bulky 
and  closely-printed  memoir  on  the  geographical  distribution 
of  the  kephalic  index  in  Spain  ;  and  seldom  has  a  limited 
though  important  subject  been  so  thoroughly  worked  out 
as  this  has  been  by  Oloriz.  One  cannot  but  be  reminded 
by  the  labours  of  these  men  of  the  most  conspicuous  of 
their  national  virtues  ;  De  Aranzadi  representing  the  ad¬ 
venturous  valour  of  the  Basque,  Oloriz  the  dogged,  un¬ 
conquerable,  Numantine  perseverance  of  the  Spaniard. 

Oloriz’s  conclusions  are  deduced  from  the  measurement, 
in  the  great  majority  of  cases  by  his  own  hands,  of  8368 
living  heads.  Having  ascertained  experimentally  that  with 
a  total  of  100  observations  the  possible  error  never  reaches 
unity,  and  is  usually  a  very  small  decimal,  he  took  care  to 
secure  at  least  100  from  every  province. 

Incidentally,  in  the  course  of  the  definition  and  explana¬ 
tion  of  his  methods,  he  develops  several  very  important 
points. 

I  hus  he  shows  that  the  mean  error  of  a  single  observer 
(himself)  is  about  07,  and  the  maximum  error  about  1*3 
deg  ;ree  of  the  kephalic  index.  The  error  is  apt  to  be 
greater,  as  might  be  expected,  in  the  length  measure  than 
in  the  breadth  measure.  The  mean  extent  of  error,  or 
divergence  from  the  mean  result,  when  the  same  head  is 
measured  by  ten  skilled' observers,  amounts  to  178,  or 
about  one  degree  and  three-quarters  in  the  kephalic  index, 
the  maximum  error  rising  to  three  degrees.  At  the  first 
blush,  such  a  result  would  almost  lead  one  to  distrust,  and 
indeed  to  absolutely  discredit,  all  series  of  measurements 
of  this  kind  except  those  taken  by  the  same  pair  of  hands. 

This  of  course  would  be  a  mistake :  such  errors  more 
or  less  balance  each  other  in  long  series  and  where  the 
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observers  are  many  ;  and  even  the  maximum  error  here 
recorded  would  not  transpose  a  head  from  the  dolicho- 
to  the  brachykephalic  category.  But  Oloriz’s  experience 
furnishes  a  new  caution  as  to  the  importance  of  the  personal 
equation. 

The  mean  index  for  Spain  in  general  is  ascertained  to 
be  78*18,  or,  with  correction  for  the  different  relation  of  the 
numbers  observed  to  the  population  of  the  several  provinces 
respectively,  may  be  put  at  78*23,  which  may  be  taken  as 
the  standard  index  of  the  country. 

De  Aranzadi  and  De  Hoyos-Sainz  nowhere  state  their 
mean  cranial  index  for  the  whole  country,  but  their  figures 
indicate  that  it  should  be  somewhere  between  76  and  76*5. 
And  this  is  probably  a  trifle  too  high,  because  their  material, 
as  already  stated,  has  been  drawn  in  greater  proportion  from 
the  north,  centre  and  south-west  than  from  elsewhere  ;  and 
the  north,  as  we  shall  presently  see,  is  decidedly  more 
brachykephalic  than  the  east,  or  indeed  than  most  other 
parts  of  Spain. 

Some  light  is  thus  thrown  on  the  vexed  and  important 
question  of  the  relation  of  the  breadth  indices  in  the  dry 
skull  and  in  the  living  head  respectively  ;  and  the  practice 
of  those  who  are  accustomed  to  subtract  2  from  the 
kephalic  to  form  the  cranial  index  receives  some  support. 
Oloriz  himself,  too,  comparing  116  modern  skulls  found  in 
certain  known?*  localities  in  Spain  with  151  heads  of  modern 
inhabitants  of  the  same,  brings  out  indices  of  76*4  and  78*8 
respectively,  thus  showing  a  difference  exceeding  2.  Cer¬ 
tain  (95)  ancient  skulls,  from  the  same  or  neighbouring 
localities,  yielded  an  index  of  75*57,  distinctly  lower  than 
that  of  the  moderns  in  five  cases  out  of  six  ;  on  the  other 
hand,  De  Hoyos-Sainz  affirms  that  the  modern  Asturians 
have  heads  narrower  by  three  degrees  of  the  index  than 
their  ancestors  of  the  sixteenth  century  !  I  say  ancestors , 
because  I  do  not  believe  that  any  considerable  immigration 
has  occurred  which  may  have  modified  the  breed.  On  the 
whole,  therefore,  there  is  not  much  to  support  the  doctrine 
of  the  general  increase  of  brachykephaly. 

As  for  the  opinion  of  Ammon  and  De  Laponge,  that  cities 
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attract  the  dolichokephals,1  Oloriz’s  figures  are  inconclusive. 
The  Madrilenos  are  indeed  slightly  more  dolichous  than 
the  people  of  the  rest  of  Spain,  or  of  the  surrounding  rural 
district,  or  of  the  province  of  Madrid.  Their  index  is 
77*87.  But  if  it  be  so  at  Madrid,  and  at  Barcelona,  and 
at  Zaragoza,  it  seems  to  be  otherwise  at  Granada  and 
Valencia,  and  doubtful  at  Seville  and  Malaga. 

o 

Again,  as  to  the  relation  of  stature  to  headform,  it  would 
appear  that  the  superiority  in  stature  of  the  dolichokephals, 
which  is  the  rule  in  some  parts  of  Northern  Europe,  does 
not  obtain  in  Spain.  Taking  the  Madrid  subjects  (mostly 
recruits)  for  this  purpose,  Oloriz  found  no  very  distinct 
difference  between  the  tall  and  the  short  in  kephalic  index 
-nothing  beyond  the  limits  of  possible  errors.  If  any¬ 
thing,  tall  stature  and  brachykephaly  went  together  :  50  tall 
men  had  heads  on  the  average  0*57  broader  in  index  than 
50  dwarfish  ones. 

Age  appeared  to  be  a  condition  of  some,  though  of 
course  limited,  importance.  470  recruits  of  Madrid  gave  a 
mean  index  of  77*93  ;  but  50  older  men  (from  30  to  74 
years)  gave  77*48,  or  nearly  half  a  degree  less.  The 
probable  causes  of  this  discrepancy  are  loss  of  hair  and 
shrinking  of  the  soft  parts. 

Of  health  and  sickness,  again,  the  effects  were  tested. 

Fifty  artisans  in  hospital,  with  a  mean  age  of  38  years, 
gave  a  mean  index  of  only  77*16  ;  while  50  healthy  soldiers 
of  the  same  class,  with  a  mean  age  of  21,  gave  77*67,  a 
difference  of  just  half  a  degree.  To  account  for  this  Oloriz 
suggests  that  difference  of  age,  comparative  scantiness  of 
hair,  and  thinning,  of  the  soft  parts,  may  all  have  been 
operative  ;  while  difficulties  of  observation  from  constrained 
posture,  etc.,  may  have  made  the  measurements  of  the  in¬ 
valids  less  reliable. 

As  for  the  effect  of  social  selection,  Olbriz’s  figures  are 


1  Perhaps  this  is  not  fairly  put.  It  is  the  blond  dolichous  type  which 
Ammon  and  De  Laponge  credit  with  the  qualities  that  result  in  this 
attraction  •  I  do  not  think  they  have  said  the  same  of  the  Mediterranean 
dolichos. 
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interesting,  but  inconclusive.  Thus  he  found  among  his 
470  recruits  born  in  Madrid  : — 


No. 

Stature. 

Keph.  Index. 

100  Intellectual  occupations 

1622  mm. 

78-268 

319  Manual  „ 

1602 

77*S38 

51  Mixed  (shopkeepers,  servants,  etc.) 

1614 

77-984 

Total  470 

1607 

77*934 

163  Province  of  Madrid 

5  ft.  3*27  in. 

•  • 

78-635 

8368  Spain  ...... 

•  • 

78-23 

Again,  in  Granada  (city)  — 

34  of  superior  culture 

•  • 

78-212 

33  artisans  and  soldiers 

•  • 

78-409 

23  criminals  ..... 

•  • 

78-547 

But  in  the  province  of  Granada 

126  honest  men  - 

,  , 

78-080 

106  criminals  ..... 

• 

77-680 

And  in  the  province  and  city  combined 

384  miscellaneous  ...... 

77-861 

These  variations,  it  will  be  observed,  are  within  the 
possible  limits  of  error,  and  the  more  certainly  so  because 
an  unusually  large  proportion  of  the  Granada  measurements 
were  not  taken  by  the  author’s  own  hand.  The  inferences 
I  should  be  disposed  to  draw  would  be,  first,  that  the  cul¬ 
tivated  class,  being  the  most  migratory  section  of  the 
population,  has  naturally  enough  an  index  equal  in  both  the 
cities,  and  identical  with  that  of  Spain  in  general  ;  second, 
(and  this  is  Oloriz’s  view  of  the  matter),  that  in  relation  to 
the  kephalic  index  all  agencies  are  unimportant  compared 
to  what  we  call  “  race  ”. 

Following  up  the  same  careful  method  of  appreciating 
all  possible  influences,  he  next  tabulates  the  divisions  of  the 
population  in  relation  to  their  geological  habitat.  The 
result  is  distinctly  negative. 


Obsns. 

Index. 

Azoic 

rocks 

50  judicial  divisions 

635 

78-5I 

Palaeozoic 

>> 

5 1 

616 

7880 

Secondary  or 
Mesozoic 

}•■ 

57 

1074 

78-06 

Tertiary 

y  y 

97 

i527 

78-16 

Quaternary 

yy 

17 

329 

78-56 
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The  differences,  it  will  be  observed,  never  attain  to 
unity.  Moreover,  if  each  class  of  rocks  is  divided  among 
its  provinces,  internal  differences  of  much  greater  extent 
come  out  in  every  case  ;  thus  five  quaternary  districts  in 
the  north  yield  a  mean  of  76*87  only,  while  six  in  the  south 
give  one  of  79-51.  The  proof  goes  far  towards  being  com¬ 
plete  ;  I  could  w7ish,  however,  that  Oloriz  had  ascertained 
the  relative  position  of  calcareous  and  of  silicious  districts. 
He  has  candidly  stated  some,  apparent  exceptions  to  the 
rule  of  the  nonconformableness  of  geological  and  anthro¬ 
pometric  phenomena.  They  are  all,  I  think  with  him, 
explicable  on  hypotheses  of  race-migration.  Thus  the 
isolated  granitic  district  of  Vitigudino,  on  the  frontier  of 
Portugal,  is  equally  isolated  by  its  extremely  low  index 
(75*46)  from  all  the  seven  surrounding  districts  of  the 
province  of  Salamanca,  which  range  upwards  from  77-48 
to  79*38.  Its  people  are  probably  the  descendants  of  a 
dolichokephalic  (Atlantean  or  Iberian)  tribe,  who  were 
driven  to  take  refuge  in  an  infertile  granitic  region  by  the 
invasion  of  the  Kelts. 

The  next  question  put  is  the  possible  influence  of  the 
mountainous  or  level  character  of  the  districts,  irrespective 
of  their  elevation  above  the  sea,  some  of  the  tablelands  of 
the  inter  lor  being  of  great  elevation,  d  he  general  result  is 
negative  (mountains  78-24,  tablelands  78*34)  ;  but  the  local 
differences,  explicable  by  race-migrations  and  occupations, 
are  notable  and  interesting.  Roughly  speaking,  the  popu¬ 
lations  of  the  Asturo-Cantabrian  chain  and  the  mountains 
of  Toledo,  and  the  plains  of  New  Castile  and  Lower 
Andalusia,  tend  towards  brachykephaly  ;  while  those  of  the 
southern  and  eastern  mountains,  and  the  plains  of  Old 

Castile,  Leon  and  Aragon,  are  inclined  towards  dolicho- 
kephaly. 

An  elaborate  inquiry  into  the  difference  in  this  respect 
between  the  several  hydrographical  basins  of  Spain  leads 
only  to  the  conclusion,  by  the  author,  that  these  local  differ¬ 
ences  are  usually  greater  in  proportion  to  the  difficulty  of 
communication  and  intercourse  imposed  on  the  inhabitants 
of  contiguous  valleys  by  the  intervening  mountain-ranges. 
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The  last  of  these  preliminary  investigations,  that  into 
the  differences  of  indices  prevailing  at  high  and  low 
levels,  is  of  importance  in  viewT  of  the  general  prevalence 
of  brachykephaly  in  the  populations  of  the  mountain-masses 
of  Central  Europe,  which  is  so  distinct  that  some  authors 
use  the  name  “Alpine”  to  designate  the  great  round- 
headed  race  which  is  usually  called  Keltic,  Rhcetian  or 
Kelto-Slavonic  ;  in  view,  too,  of  the  opinion  shadowed  by 
Johannes  Ranke  as  to  the  connection  of  mountain  habitat 
with  brachykephaly,  and  of  the  fact  that  mountains,  in  cold 
or  temperate  latitudes  at  least,  are  usually  the  refuge  of 
primitive  and  conquered,  plains  the  possession  of  more 
recent  and  conquering  tribes. 

Oloriz’s  facts  mostlv  agree  with  the  latter,  not  with  the 
former,  rule.  A  comparison  of  the  populations  dwelling 
below  and  above  the  500  metre  line  is  not  very  striking. 
In  Eastern  Cataluna  the  broader  heads  are  in  the  higher 
ground,  contiguous  to  the  French  frontier.  In  most  parts 
of  Andalusia  the  converse  obtains  very  decidedly,  the 
mountaineers  being  the  longer-headed  by  about  1*27  degree 
(77 *84  to  79*12).  On  the  northern,  or  Cantabrian  slope, 
the  mountaineers,  again,  are  rather  broader-headed  (80*2  to 
79*4),  which  is  difficult  to  explain,  unless  the  invaders  came 
by  land. 

But  when  the  dividing  line  is  drawn  at  1000  metres 
(3300  feet),  above  which  height  there  is  a  considerable 
population,  the  contrast  is  more  striking.  The  figures 
are  : — 


Obsns.  Index. 

Below  500  metres  .  .  .  2770  7 8 *45 

Between  500  and  1000  metres  .  42I3  78*20 

Above  1000  metres  .  .  .  437  7  7 '49 


As  Oloriz  puts  it,  if  Spain  were  suddenly  submerged  to 
the  500  metre  line,  the  index  of  the  survivors  would  not  be 
very  much  lower  than  that  of  the  population  had  been 
previously  ;  but  if  it  were  sunk  another  500  metres,  the 
archipelago  which  would  have  replaced  the  present  penin¬ 
sula  would  be  inhabited  solely  by  dolichokephalic  com¬ 
munities,  except  only  one  or  two  islets  in  the  north, 
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where  some  relics  of  the  brachykephalic  element  would 
survive. 

Examining  now  the  48  provinces,  he  finds  that  the 
mean  index  ranges  from  767  in  Alicante  to  80*9  in  Oviedo. 
This  is  a  much  smaller  range  than  occurs  among  the 
French  departments  or  the  Italian  provinces.  And  the 
individual  variations  are  also  less.  Cadiz,  Oviedo,  Lugo, 
and  in  a  less  degree  Leon,  Huelva,  Alava,  Badajoz  (!), 
Cordova,  have  widish  variations,  but  none  over  20  degrees, 
excepting  stragglers.  In  Oviedo  and  Lugo  only  does  the 
centre  of  the  series  exceed  80.  In  Alicante  it  is  76*5, 
Castellon  76-9,  Leon  77,  and  Soria  77. 

The  trustworthiness  of  these  figures,  as  bases  of 
argument,  may  be  tested  to  some  extent  by  comparison 
with  those  of  Aranzadi  and  Landa  for  Guipuzcoa  and 
Navarre.  In  the  former  case  Oloriz’s  figures  are  a  little 
the  lower.  Aranzadi’s  Basques  gave  him  a  mean  of 
79-15;  Oloriz’s  Guipuzcoans  one  of  78*75;  Landa’s  Na- 
varrese  one  of  78*32  ;  Oloriz’s  one  of  78*4.  These  dis¬ 
crepancies  are  not  important,  but  they  are  probably  not 
merely  fortuitous.  It  has  been  shown  that  the  index 
tends  to  diminish  with  age.  But  Aranzadi  among  the 
Basques,  and  Oloriz  among  the  Navarrese,  operated  on 
the  younger  men,  so  that  the  disagreements  may  be  partly 
explained. 

It  is  difficult  to  carry  out  the  comparison  between  the 
measurements  of  Oloriz  s  living  heads  and  Aranzadi  and 
Hoyos-Sainz’s  skulls,  because,  as  has  been  already  explained, 
the  numbers  of  the  latter,  though  ample  as  a  sample  of  the 
country,  are  in  comparatively  few  provinces  sufficiently 
numerous  to  yield  a  provincial  average  on  which  we  may 
confidently  rely.  Lor  greater  security  the  authors  have,  in 
each  case,  agglomerated  the  provinces  into  regions,  but  these 
regions  are  not  identically  constituted,  though  there  is  a  rough 
correspondence  ;  and  the  following  table  must  be  read  with 
this  proviso.  In  every  case  I  have  added  the  regulation 
2  o  to  the  cranial  measurements  of  Aranzadi  and  Hoyos- 

Sainz,  as  well  as  of  Oloriz,  and  it  does  not  seem  to  be  too 
much. 
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Crania. 


Regions  or 


Provinces. 

Oloriz. 

A.  &  H.-S. 

No. 

Oloriz. 

No 

Guipuzcoa  (prov.) 

7875 

78-8 

75 

Cantabria 

79'9 

80 

129 

Galaica  (W.  Galicia) . 

78*9 

79*1 

23 

Leon  (prov.) 

77*5 

76-8 

n 

/ 

Carpetania 

78 

78a 

63 

Keltiberia 

777 

76 

84 

Oretania 

78-6 

00 

A 

43 

Turdetania 

78-4 

76*5 

20 

Aragon  . 

77’2 

? 

Valencia 

76-8 

? 

Cataluna 

78 

? 

Baleares  . 

777 

78-3 

6 

Cuenca 

78-5 

76 

51 

78-8 

20 

Almeria  . 

777 

77‘2 

42 

On  the  whole,  the  correspondences  are  good,  even 
where  the  numbers  are  too  small  for  anything  like  cer¬ 
tainty  ;  but  there  are  two  very  discrepant  items  on  which 
it  may  be  as  well  to  dwell  for  a  moment. 

Not  only  is  the  number  of  crania  from  Tl  urdetania 
(Andalusia)  insufficient ;  but  those  tabulated  come  mostly 
from  the  eastern  and  more  dolichokephalic  provinces. 

The  figures  for  Keltiberia,  and  especially  those  for 
Cuenca,  which  is  one  of  the  provinces  of  that  region  as 
limited  by  Aranzadi  and  Hoyos-Sainz,  remain  inexplicable 
to  me.  The  numbers  are  not  apparently  insufficient,  and  a 
smaller  series  from  Cuenca  measured  by  Oloriz  accord  well 
enough  with  the  measurements  taken  by  him  from  the 
living  population.  I  can  only  suggest  that  Cuenca  is  far 
less  homogeneous  in  respect  to  kephalic  index,  according  to 
Oloriz’s  data,  than  most  of  the  provinces,  as  it  is  also  in  its 
hydrography  ;  the  northern  and  eastern  more  mountainous 
districts  on  the  Guadiola  and  Cabriel  rivers  running  below 
77  ;  while  the  central  and  western  tablelands  exceed  79,  the 
former  assimilated  to  the  neighbouring  Valencia,  the  latter 
to  the  Oretanian  region. 

If  we  now  take  Oloriz’s  map,  checking  and  supple¬ 
menting  it  by  that  of  Aranzadi  and  Hoyos-Sainz  where 
available,  we  shall  find  that  geographically  Spain  will  fall 
into  four,  or  perhaps  I  should  say  five,  pretty  distinct  and 
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extensive  regions,  besides  some  smaller  and  more  doubtful 
ones.  These  five  are  : — 

First,  the  Cantabrian  zone  on  the  north,  occupying  the 
territory  between  the  sea  and  the  western  prolongation  of  the 
Pyrenees,  and  in  some  parts,  in  Navarre,  Alava  and  Riona, 
extending  across  the  mountains  southwards.  It  includes 
Asturias,  Santander,  Guipuzcoa,  Viscaya,  Alava,  and  most 
of  Navarre  and  Galicia,  and  contains  everywhere  a  con¬ 
siderable  proportion  of  brachykephals,  which,  however, 
diminishes  towards  the  east,  in  the  Basque  provinces  and 
Navarre.  The  nasal  index  is  narrow  in  the  latter  provinces, 
but  tends  to  breadth  further  west. 

The  second  zone  corresponds  roughly  to  the  valley  of 
the  Douro,  or  to  Leon  and  Old  or  Upper  Castile.  The 
indices  are  moderately  dolichokephahc  and  leptorrhme, 
Aranzadi  thinks  mesorrhine  in  Leon,  but  the  number  of 
observations  is  insufficient. 

The  third  or  Oretanian  zone,  or  that,  roughly,  of  New 
or  Lower  Castile,  occupies  the  basins  of  the  Tagus  and  of 
the  Upper  Guadiana.  Both  the  kephalic  and  the  nasal 
indices  are  distinctly  larger  in  this  than  in  the  preceding* 
(Carpeto-Leonese)  zone;  as  Aranzadi  puts  it,  this  is  a  kind 
of  repetition  of  the  Cantabrian,  though  the  tendency  to 

brachykephaly,  or  the  proportion  of  that  element,  is  not  so 
great. 

Another  well-marked  region,  the  Aragono-Valencian, 
or  we  may  perhaps  venture  to  say  the  true  Iberian,  over¬ 
spreads  most  of  the  eastern  part  of  the  peninsula,  from  the 
Central  Pyrenees  almost  to  the  Cabo  de  Palos  and  the 
frontier  of  Murcia.  I  he  kephalic  index  is  narrow,  especially 
in  the  three  provinces  of  Valencia,  and  the  nasal  index  is 
probably  very  leptorrhine,  but  this  is  uncertain,  as  we  here 
lose  the  guidance  on  this  point  of  Aranzadi  and  Hoyos- 
Sainz.  The  central  and  loftiest  part  of  the  Pyrenees  forms 
one  of  the  best-marked  anthropological  frontiers  in  Europe, 
the  index  of  the  Aragonese  on  the  south  being  about  77, 
and  that  of  the  Gascons  and  Languedocians  on  the  north 
about  84.  But  further  east  the  barrier  is  not  so  complete, 
and  accordingly  the  Catalonians  differ  a  little  from  the 


SPANISH  ANTHROPOLOGY. 


iog 

Aragonese  and  Valencians  in  the  direction  of  greater 
breadth  of  head. 

Andalusia  remains  unclassified.  Taking1  it  on  the  large 
scale,  Upper  or  Eastern  Andalusia  is  largely  dolichokephalic 
(Jaen  77*36,  Almeria  77*76,  Granada  77*86,  Cordoba  77*97), 
and  Lower  or  Western  Andalusia  tends  the  other  way, 
with  provincial  indices  from  78 ’34  (Seville)  to  79*47  (Cadiz). 
Apparently  Lower  Andalusians  are  platyrrhine,  but  the 
numbers  are  insufficient  for  the  conclusion. 

The  key  to  Spanish  ethnology  has  been  generally  sup¬ 
posed  to  be  hidden  in  the  Basque  provinces,  and  Aranzadi 
has  made  strenuous  efforts  to  find  it  there.  As  Oloriz  has 
endeavoured  to  beat  out  one  single  point  of  certainty  by 
dint  of  patience,  wide  inductions,  and  careful  exclusions, 
so  has  Aranzadi  'striven  to  find  out  great  truths  by  the  most 
thorough  sifting  of  a  small  quantity  of  good  material. 

Taking  250  conscripts,  all  natives  of  Guipuzcoa  or  the 
neighbouring  (eastern)  portion  of  Biscay,  and  by  speech, 
surname,  and  known  descent  mostly  ascertained  to  be  pure 
and  genuine  Basques,  he  got  from  them  almost  all  the 
measurements,  whether  of  head,  face,  body  or  limbs,  that 
are  generally  in  use  among  anthropologists.  He  draws  a 
portrait  of  the  average  Basque,  which  I  will  reproduce, 
though  not  at  full  length  ;  for  it  is  exceedingly  minute,  and 
must  have  come  from  one  who  could  see  as  well  as  measure. 
The  Basque  at  the  military  age  has  a  stature  of  1640  mm. 
(64*56  inches),  which  is  superior  to  that  of  the  Spaniard  of 
Madrid  :  his  shoulders  are  broad  and  square,  his  fathom 
large  (about  105),  the  back  sinuous  and  hollow,  the  ex¬ 
tremities  rather  large,  the  instep  high,  the  gait  straight  and 
elastic.  The  complexion  is  usually  fresh  and  rather  fair,  the 
hair  straight,  and  brown  or  dark,  not  so  often  black  or  fair  ; 
red  and  yellow  seem  to  be  rare  ;  the  eyes  are  usually  hazel 
or  greenish-brown,  but  blue  and  green  are  not  uncommon. 
The  head  is  mesokephalic,  the  upper  part  of  the  occiput 
prominent,  and  the  greatest  apparent  height  of  the  head 
somewhat  far  back,  owing  partly  to  the  habitual  attitude  ; 
forehead  low  and  vertical,  narrow  in  comparison  with  the 
head,  but  broad  compared  with  the  lower  part  of  the  face  , 
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the  superciliary  arches  moderately  pronounced,  the  globella 
less  so  ;  the  nose  long  and  salient,  the  root  not  very  deeply 
set ;  eyes  lively,  rather  small  in  length,  not  prominent,  rather 
far  apart;  a  hollow  beneath  the  orbit;  the  chin  long,  rounded 
but  narrow,  not  very  prominent,  mandible  narrow,  often 
prominent  beyond  the  maxilla,  the  angle  with  little  salience 
downwards  or  forwards  ;  the  distance  from  the  eye  to  the 
alse  nasi  great,  thence  to  the  mouth  short,  and  to  the  chin 
long. 

Such  is  the  portrait  of  the  typical  Basque,  the  correct¬ 
ness  of  which  is  amply  avouched  by  many  photographs  ; 
still,  as  Aranzadi  acknowledges,  it  is  not  usual  to  meet  with 
a  man  who  answers  to  the  type  in  every  point. 

Noticing  that  the  curve  of  kephalic  index  was  distinctly 
bicipital,  with  culminations  about  76-77  and  80-8  r,  he  set 
himself  to  disentangle  the  remains  of  the  constituent  types. 

1  his  his  various  measurements  enabled  him  to  do  with  a 
great  appearance  of  probability,  by  showing  that  certain 
special  varieties  of  feature,  for  example,  blue  eyes,  were 
much  more  frequently  associated  with  certain  others,  such 
as  a  long  narrow  nose  and  tall  stature,  than  they  should  be 
by  the  doctrine  of  chances 

Ultimately  he  dissected  out  three  types. 

h  irst,  one  with  green  or  greenish-brown  eyes,  set  wide 
apart,  brown  hair,  short  stature,  a  broad  head,  a  narrow 
nose  and  mandible,  and  a  considerable  facial  angle. 

Second,  one  with  hazel  or  brown  eyes,  not  wide  apart, 
dark  hair,  middle  stature,  a  long  narrow  head,  a  broad  and 

concave  nose,  a  broad  mandible,  a  medium  or  small  facial 
angle. 

Third,  and  least  numerous,  one  with  small  blue  eyes, 
not  wide  apart,  light  brown  hair,  tall  stature,  a  long  narrow 
head,  a  long  and  straight  nose  and  long  narrow  face,  a 
rather  narrow  mandible  (not  so  markedly  narrow,  however, 
as  in  the  first  type,  which  has  a  broader  zygoma),  a  small 
mouth,  and  a  small  facial  angle.  The  admixture  of  this 

type  would  appear  to  have  been  subsequent  to  the  union  of 
the  other  two. 

The  evidence  for  the  existence  of  these  three  types  is 
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far  from  weak,  though  one  could  have  wished  that  the 
numerical  basis  had  been  larger,  or  that  a  control  experi¬ 
ment  had  been  worked  out  in  another  district,  or  by  another 
hand.  The  great  difficulty  with  me  is  that  of  identifying 
the  first  two  types  with  any  known  races. 

The  first  or  brachykephalic  one  should,  one  would  think, 
be  of  Keltic  or  Ligurian  origin  ;  but  the  broad  head,  sup¬ 
posed  to  have  been  brought  into  Spain  by  the  Kelts,  seems, 
on  Aranzadi  and  Hoyos-Sainz’s  own  showing,  to  be  accom¬ 
panied  by  a  broad  nose,  though  in  some  other  countries 
such  is  not  the  case.  If  it  has  here  some  points  of  resem¬ 
blance  to  a  Turanian  or  Mongoloid  form,  one  need  not 
wonder ;  that  form  is  recognised  by  many  as  underlying 
the  dark  Kelts  in  France  ;  Renan  and  De  Labourdonnais 
see  it  in  Bretagne,  as  I  do,  and  others  in  the  Morvan  and 
elsewhere  ;  but  in  these  cases  the  nose  is  broad. 

The  second  type  may  be  Atlantic  or  Iberian,  or  Berber, 
or  allied  to  the  Cro-magnon.  The  relation  of  these  inter  se 
has  not  yet  been  cleared  up  ;  some  of  them  may  have  been 
broad-nosed,  but  the  true  Iberian  probably  was  not. 
Lagneau.  the  most  learned  and  weighty  authority  from 
the  historical  point  of  view,  would  dissociate  the  Iberians 
from  the  other  races  just  named. 

The  third  type  is  the  familiar  blond  long-head  beyond 
doubt,  the  Aryan  ofsome  folk,  the  northern  barbarian  ofothers. 
In  Guipuzcoa,  Aranzadi  shows  it  has  some  features  common 
to  the  outcast  Cagots,  but  in  other  respects  it  distinctly 
diverges.  It  abounds,  apparently,  especially  in  the  north¬ 
east  part,  near  the  frontier  passes,  for  some  historical  but 
forgotten  reason  doubtless. 

Unfortunately  we  have  no  statistics  of  colour  except 
these  of  Aranzadi’s,  which  include  a  very  limited  area. 
Tubino  and  others  tell  us  that  the  blond  complexion  is 
common  in  Asturias,  Galicia,  and  parts  of  Old  Castile,  as 
well  as  in  the  Basque  provinces  ;  and  Hoyos-Sainz  finds 
the  long-headed  blond  type  in  Western  Galicia.  Tubino 
says  the  only  part  of  the  south  where  light  hair  is  common, 
so  far  as  he  knows,  is  the  mountainous  region  about  Ronda, 
and  Oloriz’s  figures  exhibit  this  as  an  island  of  comparative. 


1 1 2 


SCIENCE  PROGRESS. 


dolichokephaly.  We  know  that  there  were  blonds  among 
the  Turdetani,  perhaps  the  rearguard  of  the  migration  of 
the  Tamahu  to  North  Africa. 

Oloriz,  allowing  with  Lagneau  that  the  Atlantic  and 
Iberian  races  were  twain,  that  the  latter  were  the  later 
comers,  and  occupied  the  east  of  Spain,  thinks  with  him 
that  the  Ligurians  made  partial  settlements,  and  ascribes  to 
them  the  comparative  brachykephaly  of  Balaguer  in  Cata- 
luna  (8o’o),  and  to  some  extent  of  Lower  Andalusia.  He 
thinks  the  Kelts  broke  in  through  the  western  extremity  of 
the  Pyrenees  chiefly;  that  they  could  not  expel  the  Iberians 
from  Aragon  and  Soria,  but  pushed  southwards  and  west¬ 
wards,  occupying  the  mountain  chain  of  Cantabria,  breaking 
through  the  Carpetanian  Mountains  about  Segovia,  settling 
thickly  on  the  Tagus,  and  ultimately  in  Andalusia,  the  goal 
of  all  invaders.  He  does  not  think  any  great  ethnical 
changes  have  occurred  since  the  Roman  period. 

Aranzadi  and  his  colleague  would  estimate  such  changes 
at  a  somewhat  higher  value.  Attaching  very  great  im¬ 
portance  to  the  nasal  index,  and  finding  aimost  everywhere, 
as  does  also  Oloriz,  indications  in  the  curve  of  head  breadth 
of  the  presence  in  less  force  of  the  brachykephahc  element 
which  is  potent  in  Cantabria  and  Toledo,  and  Cadiz,  they 
are  constrained  to  make  a  fourfold  classification,  into  doli- 
cholepto,  dolichoplaty,  brachylepto  and  brachyplaty.  The 
Cantabrian  and  Oretaman  (Toledo)  regions  are  placed  in 
the  last,  Lower  Andalusia  in  the  second  class.  The  data, 
however,  are  as  yet  hardly  sufficient  for  this  arrangement. 
The  authors,  with  a  good  deal  of  probability,  think  that  the 
Arabs  among  the  Moslem  invaders  reinforced  the  dolicho- 
lepto  element  of  the  population  (which  already  included  the 
Jews),  the  Berbers  the  dolichoplaty,  which,  as  it  is  found 
even  in  Guipuzcoa,1  which  was  never  conquered  by  the 
Moors,  must  have  existed  already.2  But,  after  all,  im- 

1  And  in  the  caves  of  Gibraltar. 

One  witness  to  the  large  number  of  the  Moslem  invaders  is  the  fact 
that  they  prevailed  to  change  the  names  of  several  large  rivers.  There  are 
fi\e  contiguous  cantons  in  the  provinces  of  Granada  and  Almeria,  which 
form  a  dolichous  patch  on  Oloriz’s  map,  their  average  index  being  76-7 
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portant  as  is  the  nasal  form,  we  have  as  yet  too  little 
accurate  knowledge  about  it.  The  Guanches  were  leptor- 
rhine,  like  the  Homme- Mort  type  in  France. 

The  authors  incline  to  attribute  the  potency  of  the  blond 
dolicholepto  type  in  South-west  Galicia  to  the  Suevian 
colony,  which  had  a  long  occupation.  Perhaps  they  only 
reinforced  a  type  already  planted  there  by  some  kindred  of 
the  Tamahu,  or  by  the  ruling  caste  of  some  Gallokeltic 
tribe.  The  Irish  Milesians,  if  they  came  from  Spain,  as  I 
believe  they  did,  came  “white  of  skin,  and  brown  of  hair/' 
according  to  Mac  Firbis. 
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only.  Now  these  are  precisely  the  Alpuxarra  Mountains,  where  the  Moors 
held  out  longest  against  Ferdinand  and  Isabella,  and  the  chief  theatre  of 
the  Morisco  war  in  a  later  age. 


ON  METAMORPHOSIS  IN  PLANTS. 


Every  one  who  is  specially  concerned  with  vegetable 
morphology  at  once  recognises  the  important  in¬ 
fluence  which  the  doctrine  of  metamorphosis  exercises  on 
this  branch  of  botany. 

By  the  metamorphosis,  we  express  the  perception  that 
the  marvellous  variety  in  external  form  exhibited  by  plants 
is  to  be  traced  back  to  the  diverse  modifications  of  a  very 
few  fundamental  types.  Furthermore,  it  may  also  be 
pointed  out  that  the  study  of  metamorphosis  is  very  closely 
bound  up  with  that  of  adaptation,  and  indeed  one  may 
almost  assert  that  a  metamorphosed  structure  owes  its 
existence  to  an  adaptive  modification  of  a  relatively  primi¬ 
tive  type  form.  But  as  adaptations  exhibiting  identical 
characters  may  originate  from  different  morphological 
sources,  we  realise  that  the  function  of  an  organ  need  not 
necessarily  afford  any  clue  to  its  real  morphological  nature. 
In  dealing  with  the  progress  which  has  been  made  in  this 
field  of  inquiry  within  recent  years,  it  is  not  my  intention 
merely  to  discuss  a  number  of  particular  instances  in  which 
perchance  the  morphological  characters  have  become  more 
clearly  apprehended  than  formerly.  What  we  are  here 
concerned  with  is  rather  the  larger  question  of  the  general 
aspect  of  the  subject  before  us. 

And  foremost  amongst  recent  advances  must  be  reckoned 
that  change  of  front  which  has  led  to  an  abandoning  of  the 
attempt  to  refer  to  the  reproductive  organs,  in  the  higher 
plants,  as  if  they  were  actually  modified  vegetative  structures, 
formerly  much  controversy  turned  on  the  question  as  to 
whether  a  sporangium  or  an  ovule  should  be  considered  as 
a  modified  hair  (Trichome),  or  whether  it  should  rank  as  a 
foliar  (Phyllome)  or  axial  (Caulome)  structure.  At  the 
present  time  it  is  regarded  as  immaterial  whether  it  corre¬ 
sponds  in  position  with  any  one  of  these  organs;  its  essential 
importance  is  discerned  in  its  spore-producing  character, 
that  is,  ultimately,  its  functional  property.  And  spore- 
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bearing  structures  probably  already  existed  as  such  (phylo- 
genetically  speaking)  long  before  the  vegetative  structure 
on  which  they  are  now  borne  had  reached  its  present 
deoree  of  differentiation.  Later  on  it  will  be  made  clear 

<T} 

how  it  became  customary  to  disregard  the  function  of  any 
plant-member,  and  to  consider  its  position  and  mode  of 
origin  as  alone  of  essential  importance  ;  for  the  present  it 
will  suffice  to  state  that  most  investigators  are  agreed  that 
the  vegetative  and  the  reproductive  organs  belong  to  dis¬ 
tinct  categories. 

As  regards  the  vegetative  organs,  it  is  admittedly 
difficult  to  fix  upon  any  universally  valid  mark  by  which 
it  would  be  possible  to  definitely  differentiate,  e.g.y  all  stems 
from  leaves,  or  even  stems  from  roots.  But  this  does 
commonly  become  possible  when  we  limit  our  consideration 
to  single  groups  of  tolerably  closely  allied  forms,  and  this  is 
sufficient  for  the  purpose  of  the  metamorphosis  question. 
Nevertheless  it  must  be  admitted  that  families  of  plants 
exist  in  which  the  limits,  for  example,  between  stem  and 
leaf  (Caulome  and  Phyllome)  become  completely  obliterated. 
An  instance  of  this  is  seen  in  the  plants  composing  the 
natural  order  Lentibularieae,  and  especially  in  the  species  of 
Utricularia.  The  floating,  free-growing  lateral  shoots  which 
branch  and  bear  the  inflorescences  of  our  common  Utri- 
cularias,  as  regards  their  “  morphological  value,”  are  leaves  ; 
and  the  same  is  true  of  the  creeping,  branched  shoots  of  the 
terrestrial  species.  But  these  “leaves”  also  possess  other 
characters  usually  attributed  to  stems.  1  he  line  of  de¬ 
marcation  between  stem  and  leaf  here  completely  dis¬ 
appears.  In  the  more  primitive  species  of  this  genus  the 
leaves,  however,  may  still  perhaps  be  recognised  by  their 
apical  growth.  Similar  remarkable  cases  of  transformation 
are  to  be  met  with  in  roots,  and  to  these  we  shall  revert 
later  on. 

The  question  which  immediately  meets  us  is  this:  W  hat 
significance  are  we  really  to  attach  to  metamorphosis  ? 
Many  answers  have  been  given  to  this  much-discussed 
question,  and  many  have  written  on  the  subject  without 
having,  in  the  first  instance,  really  formed  any  clear  ideas 
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for  themselves.  I  do  not  propose,  however,  to  enter  into 
the  earlier  history  of  this  matter,  as  I  have  already  treated 
of  it  elsewhere.1 

Since  the  introduction  by  Wolff,  R.  Brown  and  Schleiden 
of  embryological  study  into  botany,  the  conceptions  as  to 
the  meaning  of  metamorphosis  have  become  limited  to  two 
in  number.  First,  there  is  the  theory  of  differentiation, 
and,  secondly,  that  of  an  actual  metamorphosis.  According 
to  the  first  view  the  embryonic  tissue  at  the  growing  apex 
gives  rise  to  indifferent  structures  which  can  develop  in  a 
variety  of  ways  in  accordance  with  the  requirements  of  the 
plant  as  a  whole,  whilst,  according  to  the  latter,  a  real 
change  takes  place  of  the  rudiment  (anlage)  of  one  particular 
organ  into  another  organ,  e.g.,  that  of  a  foliage  leaf  into 
a  scale  leaf,  or  that  of  a  stamen  into  a  petal.  Before 
inquiring  into  the  grounds  on  which  these  rival  views 
are  based  I  shall  cite  a  passage  from  one  of  the  most 
recent  text-books  of  botany.  Frank,2  the  author  of  the 
work  in  question,  in  speaking  of  the  leaf,  puts  forward  the 
following  statement:3  “When  the  rudiment  ( outage )  of  a 
leaf,  or  leaf  segment,  which  normally  would  develop  into  a 
foliage  leaf  is  compelled  in  response  to  other  conditions  to 
develop  as  a  scale  leaf  or  as  a  sporophyll,  all  that  has 
happened  is  this,  that  a  leaf  rudiment  ( anlage )  may  develop 
into  either  the  one  or  the  other  organ  *  this,  however,  is 
not  a  real  transformation  of  one  organ  into  another  one, 
for  it  is  always  the  case  that  the  rudiments  ( anlagen )  which 
are  capable  of  going  through  various  developments  (such 
as  will  ultimately  result  in  the  production  of  a  foliage  leaf, 
or  a  scale  leaf,  or  a  foliage  leaf)  are  composed  of  un¬ 
differentiated  embryonic  tissue  ;  when,  however,  they  have 
assumed  the  form  of  any  one  of  these  structures  they  are 
incapable  of  changing  into  any  of  the  others  ”.  The 
opinions  just  quoted  are  not  new  ;  indeed  they  represent 

1  Vergleichende  Entwicklungsgeschichte  d.  Pflanzenorgane.  Schenk 
Handbuch  d.  Botanik,  iii.,  i. 

Lehrbuch  d.  Botanik  nach  dem  gegenwartige  stande  d.  Wissenschaft . 

Specially  directed  against  my  own  view  of  the  meaning  of  meta¬ 
morphosis. 
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a  widely  spread  view  of  the  matter.  But  not  only  is  the 
argument  fallacious,  but  it  is  entirely  opposed  to  certain 
experimental  facts.  In  the  first  place  it  is  illogical  to 
speak  of  an  undifferentiated  organ  or  rudiment  of  an  organ. 
One  would  have  to  admit  the  real  existence  of  this  abstract 
idea  of  a  leaf  .  But  it  is  obvious  that  no  general  con¬ 
ception  has  a  concrete  existence.  In  dealing  with  abstract 
notions,  we  recede  from  the  actually  existent  in  proportion 
as  our  abstraction  becomes  more  generalised.  That  which 
the  organs,  which  we  term  respectively  foliage,  scale,  or 
sporangium-bearing  leaves,  have  in  common  must  thus  de¬ 
pend  on  something  else  than  a  general  conception.  And  in 
this  case  are  the  rudiments  ( anlagen )  really  undifferentiated 
or  not  ? 

The  rudiments  of  a  leaf  and  of  a  lateral  branch  are 
commonly  recognisable  owing  to  their  position  long  before 
they  are  otherwise  distinguishable.  No  case  is  known  in 
which  a  protuberance,  which  from  its  position  should  de¬ 
velop  into  a  leaf,  has  become  changed  into  a  shoot,  nor  is 
any  example  of  the  converse  forthcoming.  The  instance 
of  Utricularia  cited  above  clearly  shows,  however,  that  the 
lines  of  demarcation  between  the  two  series  of  organs  as 
distinct  categories  may  vanish.  One  is  therefore  compelled 
to  admit  that  a  leaf  and  shoot  rudiment  are  normally 
different  ab  initio.  Consequently  it  only  becomes  possible 
to  assume  the  indifferent  nature  of  the  rudiments  in  the 
same  category  as,  e.g.,  in  leaves  and  their  various  forms. 
But  in  this  we  are  dealing,  as  has  already  been  pointed  out, 
with  pure  abstractions.  Direct  observation,  furthermore, 
proves  that  the  form  of  an  organ  may  change  during  its 
development ;  that  it  may  ultimately  become  something 
different  from  that  which  it  at  first  promised  to  be.  Thus 
the  leaf-blade  of  a  scale  leaf  aborts,  the  leaf-base  enlarges. 
The  organ  is  no  longer  undifferentiated  ;  this  is  already 
proved  by  the  abortion  of  the  one  portion  of  it.  We  are 
entitled  to  speak  of  a  functional  change  in  this  case,  seeing 
that  the  rudiment  of  a  definite  structure  (a  foliage  leaf)  has 
here  become  functionally  and  structurally  altered  into  a 
scale  leaf.  This  illustrates  one  of  the  most  frequent  cases 
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of  metamorphosis  which,  according  to  one  definition,  is 
always  associated  with  an  alteration  of  function.  But  still 
more  evident  is  the  conclusion  to  be  drawn  from  those 
instances  where  two  functions  gradually  succeed  each  other. 
A  few  examples  will  make  this  clear. 

The  foliage  leaf  of  Lilium  candidum ,  and  amongst 
Dicotyledons,  that  of  some  species  of  Dicentra ,  at  first 
discharge  the  functions  of  any  ordinary  foliage  leaf ;  sub¬ 
sequently  its  lower  portion  swells  up  to  contain  reserve 
materials  of  food,  while  the  more  apical  region  dies  down. 
Here  then  is  a  real  transformation  of  a  part  of  the  leaf 
which  alters  its  form  together  with  its  function.  An 
analogous  case  is  that  of  a  climbing  plant,  Quisqualis 
chinensis.  The  petioles  of  perfectly  normal  foliar  organs 
change  their  form,  and  become  converted  into  hooks,  by 
means  of  which  the  Quisqualis  shoot  is  enabled  to  climb.1 
In  some  species  of  Astragalus  and  Caragana  the  midribs  of 
the  pinnate  leaves  persist,  and,  after  the  leaflets  have  been 
cast  off,  become  converted  to  thorns.  Many  other  instances 
could  be  quoted  in  which  it  would  be  impossible  to  deny 
that  a  real  metamorphosis  takes  place  ;  an  organ  specialised 
in  one  direction  assumes  the  function,  and  concomitantly 
the  form,  of  another.  If  we  now  suppose  that  the  leaflets 
of  an  Astragalus  were  to  fall  off  before  they  unfolded,  but 
after  their  rudiments  had  appeared,  would  not  this  be  still  a 
case  of  real  metamorphosis  ?  What  we  term  the  mature 
condition  of  a  leaf  is  only  the  final  term  of  a  develop¬ 
mental  series  of  phenomena,  and  it  would  be  erroneous 
to  conclude  that  the  final  form  is  the  solely  important 
character  of  any  structure  ;  each  of  the  successive  incidents 
in  its  development' is  rather  to  be  regarded  as  the  result  of 
the  preceding  ones  ;  to  designate  a  leaf  rudiment  ( anlage ) 
as  a  mere  mass  of  “  indifferent  ”  cells  is  equivalent  to  denying 
that  there  is  any  cause  which  effects  its  gradual  ontogenetic 
development.  It  is  the  entire  course  of  its  progress  to 
maturity  which  supplies  the  essential  characteristic  features 

1  They  change  into  hard  woody  structures,  whilst  the  leaf-blade  is 
thrown  off ;  at  first,  however,  they  function  as  ordinary  leaf-stalks. 
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to  the  organ.  The  actual  ontogeny  through  which  it 
passes  depends  upon  its  own  material  peculiarities,  and  this 
is  equally  true  whether  we  seek  to  explain  the  facts  in  the 
light  of  the  chemical  composition  or  in  the  configuration  of 
the  material  particles.  Thus  the  leaf  does  not  at  first  acquire 
its  identity  at  the  final  stage  of  its  development,  for  its 
whole  course  of  growth  is  normally  already  predestined. 
The  operation  of  new  forces  acting  at  a  suitable  time  can 
indeed  materially  influence  the  actual  form  which  is  finally 
assumed,  and,  speaking  generally,  the  extent  of  the  devia¬ 
tion  effected  approximately  depends  upon  the  time  of  the 
first  effective  appearance  of  this  disturbing  influence. 

Instances  analogous  to  those  already  mentioned  might 
be  cited  in  the  case  of  other  organs,  but  for  the  present  it 
will  be  sufficient  to  give  an  experimental  proof  of  the 
existence  of  a  real  metamorphosis. 

This  experiment  is  performed  frequently  enough  in 

nature,  in  the  case  of  many  of  those  phenomena  which 

we  term  monstrosities.  In  this  place,  however,  we  are 

more  especially  concerned  with  those  of  which  we  know  the 

causal  agency.  When  the  flower  buds  of  Knautia  arvensis 

are  attacked  by  the  fungus  known  as  Peronospora  violacea 

the  staminal  rudiments  develop  as  petals.  The  former 

are  bv  no  means  “  indifferent  ”  structures.  The  series  of 
•/ 

changes  which  would  normally  result  in  the  formation  of 
typical  stamens  may  have  already  begun,  but  the  course  of 
development  becomes  modified  by  the  action  of  the  fungus. 
Similarly  it  was  shown  by  Peyritsch  that  from  the  rudi¬ 
ments,  perfectly  normal  rudiments  ( anlage )  of  ordinary  single 
flowers,  double  blossoms  may  be  produced  by  the  action 
of  insects.  My  own  researches  have  been  especially  directed 
to  the  foliage  leaf.  I  have  succeeded  in  proving  that  the 
history  of  development  shows  that  the  bud-scales  of  our 
woody  plants  arise  from  ordinary  leaf  rudiments  ( laubblatt 
anlagen ),  and  that  the  deviation  from  the  form  of  a  typical 
foliage  leaf  can  be  prevented  by  a  very  simple  operation  ; 
so  that  the  structure  which,  ordinarily,  would  have  assumed 
the  arrested  form  (scale  leaf)  will,  instead,  become  a  green 
leaf.  And  the  same  is  true,  mutatis  mutandis,  for  the 
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sporophylls  of  ferns,  in  which  the  foliage  leaves  often  are 
strikingly  distinct  from  those  which  bear  the  sporangia.  It 
is  possible,  experimentally,  to  compel  the  sporophylls  of 
Onoclea  Struthiopteris  to  develop  as  foliage  leaves.  The 
investigation  of  the  young  stages  shows  that  up  to  a  certain 
period  of  their  life  the  two  structures  are  quite  indistin¬ 
guishable,  and  it  is  only  subsequently,  and  owing  to  the 
nutritional  changes  connected  with  the  appearance  of  their 
sporagia,  that  the  sporophylls  depart  from  the  form  ex¬ 
hibited  by  the  rest  of  the  leaves  of  the  plant.  This  correla¬ 
tion  between  sporangial  formation  and  the  shape  of  the  leaf 
(which,  however,  is  not  equally  distinct  in  all  ferns)  is  also 
admitted  by  Bower  ;  he  believes,  however,  on  phylogenetic 
grounds,  that  the  conclusion  here  arrived  at  should  be 
reversed,  and  that  the  foliage  leaves  ought  rather  to  be 
regarded  as  metamorphosed  sterile  sporophylls.  But  in  my 
opinion,  Botany,  as  a  science,  is  more  concerned  with  facts 
of  experience  than  with  phylogenetic  theories.  Experience 
shows  that  in  all  ferns  foliage  leaves  are  the  first  to  appear, 
and  that  these  may  subsequently  become  altered,  so  as  to 
form  sporophylls.  As  to  what  occurred  in  prehistoric  ages, 
we  require  far  more  convincing  proofs  than  are  afforded  by 
the  materials  at  present  within  bur  reach,  before  we  can 
speak  with  any  assurance.  Meanwhile,  one  may  say  with 
Faust:  — 

Mein  Freund,  die  Zeiten  der  Vergangenheit 

Sind  uns  ein  Buch  mit  sieben  Siegeln. 

And  I,  for  my  part,  prefer  to  abide  by  the  evidence  actually 
before  us. 

As  regards  the  shoot,  there  is  also  experimental  evidence 
forthcoming.  Some  of  this  was  furnished  by  T.  A.  Knight,1 
whose  services  to  morphology  have  often  been  insufficiently 
recognised. 

Knight  experimented,  especially  with  the  potato.  The 
subterranean  tubers  of  this  plant  are,  as  is  well  known, 
merely  altered  shoots.  Knight,  however,  succeeded  in 

1  Cf.  A  Selection  from  the  Physiological  and  Horticultural  Papers  by 
1  homas  Andrew  Knight,  London,  1841.  Also,  Goebel,  “  Zur  geschichte 
unserer  Kentniss  d.  correlations-vorgange,”  Flora ,  1893,  p.  38  ff. 


ON  METAMORPHOSIS  IN  PLANTS. 


121 


inducing  the  formation  of  tubers  on  the  aerial  portions  of 
the  plant,  where,  in  the  ordinary  course,  only  leaf  buds  or 
flowers  would  have  occurred.  He  was  also  able  to  compel 
the  underground  stems  (normally  tuberous)  to  develop  as 
leafy  shoots  above  the  ground.  According  to  his  view,  the 
formation  of  tubers  depends  on  this,  “  that  a  fluid  descends 
from  the  leaves  and  stems  to  form  the  tuberous  roots  of  this 
plant”.  This  ‘‘fluid”  can,  however,  be  compelled  to  travel1 
in  the  parts  above  ground,  and  then  the  leafy  buds  become 
changed  to  tubers.  It  seems  clear,  then,  that  Knight  recog¬ 
nised  a  real  metamorphosis  as  having  here  taken  place. 

Moreover,  it  is  possible  to  induce,  in  the  same  manner, 
shoots  which  would  ordinarily  develop  as  thorns  to  grow  into 
leafy  shoots.  Lothelier2  has  lately  stated  that  this  may 
occur  in  a  manner  differing  from  that  above  indicated.  It 
has  already  been  observed  that  metamorphosis,  regarded 
from  a  morphological  point  of  view,  consists  in  this, — that 
the  rudiment  of  an  organ  is  arrested  at  a  particular  period 
ol  its  growth,  and  that  it  thenceforth  is  changed,  as  regards 
its  further  development.  Now,  the  thorns  of  Lycium  barba- 
rum ,  Ulex  europceus ,  Genista  anglica ,  etc.,  are  merely  leafy 
shoots  which  have  been  arrested  in  their  further  develop¬ 
ment  and  have  undergone  sclerosis.  If,  however,  the  plants 
be  grown  in  a  very  damp  atmosphere,  the  shoots,  which 
otherwise  would  have  formed  thorns,  continue  to  grow, 
according  to  Lothelier,  and  elongate  into  leafy  branches. 
In  other  words,  in  the  latter  case  the  rudiments  of  these 
structures  do  not  remain  stationary  on  reaching  a  certain 
stage  of  development,  but  continue  to  grow  in  a  normal 
fashion,  since  the  external  factor  which  here  effected  the 

1  I  cannot  discover  whether  Knight  succeeded  in  causing  the  apex  of 
an  aerial  shoot  (which  should  normally  have  produced  flowers)  to  penetrate 
into  the  ground  as  a  rhizome.  I  was  successful  in  this  during  last  summer 
with  Circcea.  An  account  of  these  experiments,  however,  will  be  given 
more  fully  elsewhere. 

2  Lothelier,  “  Influence  de  1’etat  hygrometrique  sur  les  tiges  et  les  feuilles 
des  plantes  a  piquants  ”  (Theses  presentees  a  la  Faculte  des  Sciences  de 
Paris,  1893). — Whilst  repeating  these  researches,  I  have  not  been  able  to 
obtain  the  results  mentioned  by  Lothelier,  at  least  not  in  the  same  measure 
as  he  describes. 
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alteration  (to  thorns)  is  now  absent.  Just  in  the  same  way 
the  bud  of  an  oak  shoot  does  not  form  a  gall,  except  when 
stimulated  by  the  Cynips. 

It  is  needless  to  multiply  instances  further.  I  would  only 
remark  that  there  exists  between  metamorphosis  and  the 
stunted  condition  of  an  organ  this  much  in  common,  namely, 
that  in  both  cases  an  arrested  development  of  the  organ 
occurs.  Organs  which  are  gradually  disappearing  may  be 
recognised  by  the  fact  that  they  may,  actually,  attain  varied 
degrees  of  perfection,  being  sometimes  more  sometimes 
less  highly  differentiated. 

Besides  the  results  of  experiments,  the  transitional  forms 
which  occur  between  one  structure  and  another  afford 
additional  proof  of  the  existence  of  a  real  metamorphosis.  This 
line  of  argument  was  exclusively  followed  until  attention 
became  directed  to  the  facts  of  actual  development,  and  it 
was  especially  associated  with  the  study  of  monstrosities. 
Teratology  cannot,  however,  be  considered  here,  as  it 
would  require  a  complete  article  to  itself.  It  must  thus 
suffice  to  mention  a  few  instances  taken  from  normal 
developments. 

The  inflorescences  of  Nidu  larium  splendens ,  a  Brome- 
liad,  are  surrounded  by  a  number  of  beautiful  red  leaves 
which  exhibit  differences  of  form  amongst  themselves. 
The  lowest  resemble  the  ordinary  leaves  of  the  plant, 
save  only  for  the  red  colour  which  occurs  in  their  basal 
regions.  In  the  successive  leaves  the  coloured  area  steadily 
increases,  until  the  entire  organ  is  coloured  from  base  to 
apex  ;  that  is,  the  colour-alteration  affects  the  leaves  at 
different  times  in  their  history  ;  first  in  the  later  period,  and 
gradually  at  ever  earlier  stages,  and  it  is  to  this  fact 
that  the  existence  of  the  various  transitional  forms  between 
foliage  leaves  and  bracteoles  is  due.  In  other  Bromeliads, 
for  example  in  Bilbergia ,  the  transition  is  very  abrupt. 
Instances  of  a  similar  character  are  common  enough  amongst 

o  o 

dicotyledons,  and  it  will  be  sufficient  to  mention  here  the 
cases  of  Eranthemum  nervosum  and  Astrantia  major} 

1  Other  instances  are  quoted  in  my  book,  Vergleic.h.  Entwickelungs 
gesch.  d.  pflanzen  organe. 
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Sparmannio  africana  may  be  cited  as  an  example 
derived  from  floral  structures.  The  flower  possesses 
numerous  stamens,  of  which  the  outer  ones  are  modified 
so  as  to  form  conspicuous  bodies,  which  attract  attention 
to  the  blossoms,  and  are  concerned  with  the  secretion  of 
nectar.  Accordingly,  the  filaments  are  not  smooth,  as  is 
usually  the  case,  but  are  bright  yellow  in  colour,  and  they 
secrete,  especially  in  sunshine,  drops  of  fluid.  These  sta¬ 
mens,  the  pollen  sacs  of  which  are  either  entirely  absent  or 
are  merely  vestigial,  are  connected  with  the  normal  stamens 
by  a  complete  series  of  intermediate  forms.  Anemone 
pulsatilla ,  in  which  the  outer  stamens  are  also  converted 
into  nectaries,  similarly  exhibits  all  the  transitional  stages  to 
the  perfect  organ.  I  think  these  facts  only  become  intel¬ 
ligible  on  the  view  that  the  modification  of  the  stamen- 
rudiment  may  set  in  at  different  periods,  and  thus  the 
formation  of  intermediate  forms  is  just  what  would  have 
been  anticipated. 

The  intervening  stages  which,  in  the  examples  already 
quoted,  can  be  recognised  by  the  unaided  eye,  may  also  be 
definitely  followed  out  under  the  microscope ;  it  will  be 
better,  however,  to  consider  this  side  of  the  subject  in 
connection  with  the  root ,  as  the  conditions  are  simpler  than 
in  the  case  of  the  leaf. 

Every  one  understands  a  “  typical  ”  root  as  an  organ 
possessed  of  definite  peculiarities  of  form  and  anatomical 
structure.  Now.  these  peculiarities  are  very  intimately 
connected  with,  and  depend  upon,  the  functions  which  the 
root  has  to  perform  ;  and,  indeed,  only  on  this  view  do 
they  become  intelligible.  There  are,  however,  some  roots 
which,  though  at  first  behaving  in  all  respects  as  normal 
organs,  subsequently  cast  off  their  calyptra,  and  henceforth 
assume  the  mode  of  growth  characteristic  of  shoots.  Until 
recently,  only  two  cases  (. Neottia  nidus-avis  and  Anthunum 
l ongifolim )  of  this  nature  were  known,  but  others  have  now 
been  traced  in  the  case  of  several  ferns  (eg.,  species  of 
Piaty cerium  and  in  Aspleniunt  esculentum).  No  one  can 
refuse  to  admit  that  a  real  metamorphosis  has  occurred 
here,  and  one  which  is  associated  with  profound  anatomical 
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changes.  The  same  thing  takes  place  when  a  root  is  con¬ 
verted  into  a  thorn  (as  in  Myrmecodia  echincita ,  or  in 
Acant/wrhiza  aculeata ),  or  into  a  storage  receptacle  for 
reserve  food.  We  see  in  all  these,  how  the  root  cap 
(calyptra)  becomes  lost,  and  the  internal  structure  undergoes 
modification,  in  accordance  with  the  new  functions  which  the 
root  is  now  called  on  to  discharge.  But  these  changes  may 
also  be  indicated  before  the  root  has  actually  begun  to 
exercise  its  normal  office.  Perhaps  the  most  striking 
examples  of  this  are  to  be  found  amongst  those  roots 
which  come  to  serve  as  organs  of  carbon-assimilation.  This 
happens  in  several  epiphytic  orchids,  as  well  as  in  that 
remarkable  aquatic  order,  the  Podostemaceae.  In  certain 
orchids,  indeed,  the  roots  are  the  sole  assimilatory  organs, 
for  the  leaves  have  become  degraded  to  mere  colourless 
scales  ( Angrcecum  funale ,  Taemophyllum  sp.y  And  not 
only  do  the  roots  become  green,  they  may  even  assume  the 
dorsiventral  structure  of  leaves,  becoming  flattened  out  on 
the  illuminated  surface.  I  have  observed,  however,  that  in 
the  case  of  Taemophyllum -,  the  growing  apex  is  still  radial, 
the  flattened  form  being  subsequently  assumed  during 
development. 


Still  more  strikingly  leaf-like  are  the  roots  of  Dicraa 
algiformis,  a  plant  which  was  carefully  studied  by  Warming. 
In  every  one  of  these  instances,  observation  shows  that  it  is 
by  no  means  in  an  '‘indifferent”  mass  of  tissue,  but  in  one 
which  is  already  clearly  recognisable  as  appertaining  to  a  root, 
that  the  alterations  of  function  and  form  have  taken  place. 

We  may  now  turn  and  consider  the  leaf,  and  follow  the 
development  of  certain  foliar  tendrils,  from  the  special  point 
of  view  immediately  before  us.  And  here  we  are  at  once 
confronted  by  the  question,  as  to  whether  the  history  of 
development  will  enable  us  to  arrive  at  a  satisfactory  con¬ 
clusion  as  to  the  foliar  nature  of  these  structures.  This 
question  may  at  once  be  answered  in  the  affirmative.  In¬ 
deed,  microscopic  investigation  is  frequently  unnecessary, 
for  the  study  of  the  seedling  often  affords  evidence  sufficient 
for  us.  Thus,  amongst  the  Fumariaceae,  in  Corydalis ,  for 
example,  all  intermediate  stages  may  be  observed.  The 
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first  leaves,  as  is  usual,  do  not  twine,  but  in  the  succeeding 
ones  the  stalks  of  the  leaflets  gradually  elongate,  while 
the  blade-portion  concomitantly  suffers  reduction  until  typical 
tendrils  are  produced,  and  the  same  process  obtains  in  many 
other  plants.  To  quote  one  more  example,  the  tendrils  to 
Cobcea  scandens  owe  their  existence  to  luxuriant  branching  of 
the  terminal  portion  of  the  leaf ;  the  hooks  of  the  tendril 
represent  very  much  modified  leaflets,  while  the  arms  are 
derived  from  the  stalks  of  the  pinnae.  Occasionally  one 
meets  also  with  transitional  forms  which  are  intermediate 
between  tendrils  and  leaflets,  and  which  one  can  easily 
recognise  as  such  without  the  aid  of  the  microscope.  In 
other  cases,  the  entire  leaf  rudiment  ( Blattanlage ),  and  not 
merely  the  leaf  stalk,  may  develop  into  a  tendril.  Thus  in 
the  first-formed  tendrils  of  Beniucasa  cerifera ,  a  cucurbi- 
taceous  plant,  it  is  easy  to  recognise  the  rudiments  of  a  leaf- 
blade,  but  this  becomes  increasingly  difficult  in  the  tendrils 
which  are  formed  later  on. 

As  regards  the  Phyllodes  of  the  Australian  Acacias,  they 
are  often  spoken  of  as  flattened  petioles,  the  leaf-blades  of 
which  have  completely  vanished.  But,  after  what  has  been 
already  said,  it  is  obvious  that  this  view  is  untenable,  and  as 
a  matter  of  fact,  the  blade  of  the  leaf  is  clearly  enough 
visible,  only  it  remains  very  small.  This  explains  how  it 
may  happen  that  in  some  species  the  phyllodes  are  accom¬ 
panied  by  fully  developed  foliage  leaves,  and  observations  on 
the  seedling  plants  also  indicate  plainly  the  steps  by  which 
.a  real  metamorphosis  has  been  effected.  Additional  ex¬ 
amples  might  easily  be  quoted,  but  they  would  only  illustrate 
the  same  point,  namely,  that  metamorphosis  is  an  actual 
objective  fact ;  that  the  rudiment  which  is  normally  destined 
to  develop  into  a  definite  organ  may  change  its  ordinary 
proportions  during  development,  and  thus  give  rise  to 
another  organ,  and  that  this  change  of  form  is  constantly 
associated  with  an  alteration  of  function.  I  hus  we  have 
come  to  limit  the  conception  of  metamorphosis,  so  that  it 
only  applies  to  the  results  produced  by  the  process  of  division 
of  labour  amongst  homologous  members.  We  recognise,  in 
dealing  with  the  homologous  members  of  a  branch  system, 
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that  the  separate  individuals  may  differ  amongst  themselves 
both  in  form  and  in  function,  just  as  in  a  mass  of  roots  the 
lateral  fibres  differ  to  some  extent  from  the  positively 
geotropic  primary  root ;  or  again,  in  a  shoot,  such  as  that  of 
Equisetum,  the  lateral  branches  which  perform  the  task  of 
assimilation  do  not  precisely  resemble  the  axis  from  which 
they  spring. 

It  is  true  that  division  of  labour  does  not  necessarily 
involve  metamorphosis,  but  it  may  certainly  be  regarded  as 
a  condition  of  its  manifestation.  Hence,  not  morphology 
but  physiological  requirement  is  the  main  factor,  teleologi¬ 
cally  speaking,  in  effecting  structural  differentiation,  and  the 
particular  organ  which  will  undergo  the  modification  will  be 
that  which  is  most  susceptible  to  a  change  in  the  desirable 
direction.  This  consideration  serves  to  account  for  the 
apparently  capricious  character  which  modifications  some¬ 
times  exhibit.  W  hy  should  the  leaf  stalk,  for  example, 
become  flattened  out  and  replace  the  blade  in  Oxalis 
bupleun/olia  ?  Assuredly  because  tne  latter  structure  was 
incapable  of  fulfilling  the  conditions  imposed  by  the  environ¬ 
ment.  An  analogous  case  is  that  of  Genista  sagittalis ,  a 
plant  which  inhabits  arid  districts,  and  thus  requires  to  limit 
the  area  of  its  transpiring  leaf  surface.  On  the  other  hand, 
however,  its  stem  has  become  furnished  with  broad,  leathery 
wings,  and  these  serve  to  increase  the  assimilating  surface. 
It  is  obvious  that  in  this  case  also  the  leaves  were  unable 
to  satisfy  the  requirements  of  the  plant’s  surroundings, 
and  hence  the  wings  arose  as  their  substitutes.  And  the 
experience  of  plant  cultivation  still  more  clearly  demonstrates, 
the  conclusion  that  the  various  organs  of  different  plants 
may  exhibit  the  power  of  adaptation  in  any  given  direction 
in  widely  differing  degree. 


Iv.  Goebel. 


THE  COAGULATION  OF  THE  BLOOD. 

SUPPLEMENTARY  NOTE. 

SINCE  the  paper  with  the  above  title  was  written  for 
the  January  number  of  this  volume,  an  important 
paper  on  the  subject  by  L.  Lilienfeld1  has  appeared.  The 
paper  is  a  long  one,  as  it  includes  a  historical  account  of 
this  vexed  question,  and  also  contains  in  full  the  experi¬ 
ments  on  which  the  author  has  based  several  previous 
preliminary  communications.  The  main  argument  may  be 
stated  as  follows  :  The  active  agent  in  coagulation  is  re¬ 
garded  as  a  nucleo-albuminous  substance  which  is  called 
nucleo  -  histon.  It  is  considered  to  originate  from  the 
leucocytes,  especially  from  their  nuclei  and  from  platelets. 
The  nuclein  of  the  nucleo-histon  hastens,  while  the  histon 
moiety  hinders  coagulation  ;  the  separation  into  nuclein 
and  histon  may  be  effected  by  lime  water  or  baryta  water. 
Nuclein  alone,  and  calcium  chloride  alone,  do  not  cause 
coagulation  in  solutions  of  Hammarsten’s  fibrinogen  ;  but 
if  acetic  acid  is  added  to  a  solution  of  fibrinogen,  a  sub¬ 
stance  is  precipitated  therefrom  which  is  coagulated  by 
nuclein  with  calcium  salts,  or  by  calcium  salts  alone.  I  his 
substance  is  termed  thrombosin  ;  and  fibrin  is  regarded  as 
a  calcium  compound  of  thrombosin.  The  constituent  ot 
fibrinogen,  which  remains  in  solution  when  thrombosin  is 
precipitated  by  acetic  acid,  is  like  peptone  in  some  of  its 
properties,  particularly  in  its  hindering  influence  on  coagula¬ 
tion.  Nuclein,  or  rather  nucleic  acid,  acts  just  like  acetic 
acid  in  precipitating  free  thrombosin  from  fibrinogen  (not 
a  nucleic  acid  compound  ot  thrombosin).  1  his  is  stated  to 
hold  good  both  for  intravascular  and  extravascular  blood  ; 
nucleic  acid  first  splits  up  the  fibrinogen  molecule,  and 
then  one  of  its  components,  thrombosin,  unites  with  a 
calcium  salt  to  form  fibrin.  The  fibrin-ferment  is  described 
as  a  globulin,  which  is  a  product,  and  not  the  cause  of 
coagulation. 

1  Zeit.  Physiol.  Chetn .,  vol.  xx.,  pp.  89-163,  1894. 
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Such  a  theory  is  extremely  interesting,  and  no  doubt 
will  stimulate  fresh  work  by  which  the  data  on  which  it 
rests  will  be  thoroughly  tested.1 

I  may  take  this  opportunity  of  alluding  rather  more 
fully  to  the  work  of  Dr.  J.  Reynolds  Green,  who,  I  learn 
from  a  private  letter,  considers  that  in  my  former  paper  I 
did  not  sufficiently  emphasise  the  fact  that  the  credit  of  the 
discovery  of  the  importance  of  calcium  salts  in  coagulation 
should  be  shared  between  himself  and  Arthus  and  Pages. 
It  was  certainly  not  my  intention  to  minimise  the  import¬ 
ance  of  Green’s  work,  but  exigencies  of  space  compelled 
me  to  allude  to  it  rather  briefly.  Dr.  Green  clearly 
pointed  out  that  calcium  salts  were  necessary  for  coagula¬ 
tion,  for  if  they  were  removed  by  dialysis,  or  by  the  action 
of  barium  chloride,  no  clotting'  took  place.  He,  moreover, 
goes  further  than  Arthus  and  Pages  in  considering  that 
the  salt  of  calcium  required  is  the  sulphate,  for  this  salt  is 
the  most  active  in  setting  up  the  clotting,  and  fibrin  itself 
contains  this  substance  (Green  and  Sheridan  Lea). 

W.  D.  Halliburton. 

1  Indeed  such  work  has  already  commenced.  Prof.  E.  A.  Schafer, 
F.R.S.,  has  communicated  to  the  Physiological  Society  ( Proc .  Phys.  Soc., 
March  1 6,  1895)  a  preliminary  notice  of  some  experiments  he  has  per¬ 
formed.  He  is  unable  to  accept  Lilienfeld’s  distinction  between  fibrinogen 
and  fibrin,  and  also  doubts  Lilienfeld’s  conclusion  that  the  nucleo-albumin 
does  not  enter  into  the  composition  of  fibrin. 


THE  ARRANGEMENT  OF  THE  ATOMS  IN  A 

CRYSTAL. 


A  GEOMETRICAL  problem  which  has  long  exercised 
the  minds  of  crystallographers  has  recently  been 
solved  in  a  complete  and  satisfactory  manner.  The  pro¬ 
blem  is:  To  ascertain  the  nature  of  the  symmetrical  re¬ 
petition  in  space  of  its  ultimate  parts  which  confers  on 
matter  the  symmetry  shown  by  crystals. 

Like  most  other  important  contributions  to  exact 
scientific  knowledge  the  solution  is  the  result  of  investi¬ 
gations  carried  on  by  several  different  workers  in  different 
countries,  and  it  has  only  been  brought  to  its  present 
finality  by  slow  degrees.  In  a  previous  article  it  was 
shown  how  the  researches  of  Sohncke  in  particular  supplied 
the  principle  by  the  extension  of  which  the  present  success¬ 
ful  solution  has  been  obtained.  A  crystal  was  conceived  by 
Sohncke  as  represented  by  a  system  of  points  so  arranged 
in  space  that  its  aspect  is  precisely  the  same  viewed  from 
every  one  of  the  points  ;  or  the  property  may  be  otherwise 
expressed  by  stating  that  there  are  certain  movements  of 
translation*  or  rotation  or  screw-motion,  which  can  be  im¬ 
parted  to  the  system  without  changing  its  aspect  after 
they  are  completed  ;  this  was  Sohncke’s  original  way  of 
expressing  the  fact  that  a  crystal  is  homogeneous.  It 
was  explained  in  the  previous  article  that  the  structural 
theory  of  Schonflies  and  Fedorow,  which  furnishes  a  com¬ 
plete  solution  of  the  problem,  differs  from  that  of  Sohncke 
by  admitting  the  principle  of  reflection  across  a  plane,  or 
inversion  about  a  centre,  or  a  combination  of  the  two,  as  a 
further  possible  mode  of  repetition  applicable  to  a  system 
without  changing  its  aspect. 

Since  that  article  was  written  Barlow  has  published  an 
important  paper  (Zeitschrift  fur  Krystallograp hie,  vol.  xxiii., 
p.  i)  in  which  he  applies  the  principle  of  reflection  or  in¬ 
version  to  structures  based  upon  Sohncke’s  regular  systems 
of  points.  In  this  paper,  however,  the  problem  is  not 
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stated  as  relating  to  points  or  molecules,  or  anything  in 
particular,  but  as  one  dealing  with  the  arrangement  of  the 
similar  parts  in  a  homogeneous  rigid  structure  of  any  sort. 
The  author  defines  a  homogeneous  rigid  structure  as  an 
arrangement  of  material  of  any  quality,  and  of  constant 
form  which  is  uniformly  repeated  over  its  whole  extent. 

The  definition  is  more  fully  expressed  as  follows  :  A 
homogeneous  structure  is  one  in  which,  if  it  be  regarded 
as  without  boundary,  to  every  point  correspond  other 
exactly  similar  or  homologous  points  which  are  uniformly 
distributed  in  space  ;  it  is  therefore  a  property  of  the  struc¬ 
ture  that  each  infinite  system  obtained  by  selecting  all  similar 
points  is  a  regular  system  as  defined  by  Sohncke  ;  that  is 
to  say,  round  every  point  of  such  a  system  the  arrangement 
of  the  remainder  is  the  same  as  round  every  other. 

A  pile  of  cannon  balls  is  a  homogeneous  structure  ;  so 
is  a  stack  of  cubes  packed  together  closely  in  as  regular  a 
manner  as  possible.  We  will  take  the  latter  as  an  example 
of  the  manner  in  which  Barlow’s  method  may  be  applied. 

Consider  in  such  a  structure  the  corner  of  any  one 
cube  ;  it  is  a  point  in  which  eight  cubes  meet :  now  take  a 
point  within  the  cube  ;  the  point  may  be  anywhere,  but  for 
convenience  we  will  suppose  it  near  the  corner.  It  will  be 
found  that  there  are  two  other  points,  at  an  equal  distance 
from  the  same  corner,  from  each  of  which  the  aspect  of  the 
whole  structure  is  absolutely  the  same,  and  identical  with 
the  aspect  from  the  first  point  chosen  ;  further  there  are 
three  more  homologous  points  near  each  of  the  remaining 
corners  of  the  same  cube,  making  twenty-four  in  all,  from 
each  of  which  the  aspect  of  the  structure  is  still  the  same. 
It  is  easy  to  convince  oneself  of  this  by  regarding  the  cubes 
as  rooms  with  transparent  walls,  within  one  of  which  the 
observer  is  placed,  and  contemplates  from  it  the  remaining 
rooms,  above,  below  and  on  all  sides  ;  he  must  of  course  be 
prepared  to  stand  upon  his  head,  or  put  himself  into  any 
required  position,  and  take  no  account  of  the  difference 
between  upwards  and  downwards,  north  and  south,  etc. 

All  these  points  then,  twenty-four  in  each  cube,  taken 
together  throughout  the  whole  structure,  constitute  one  of 
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Sohncke’s  systems  of  points ;  we  will  call  them  the  A 
system. 

It  might  be  supposed,  at  first  sight,  that  there  can  be 
nothing  of  a  right-  or  left-handed  character  about  the  per¬ 
fectly  symmetrical  cubic  structure  here  described.  But  it 
will  be  found,  on  consideration,  that  there  are,  further,  three 
other  points  near  each  corner  of  the  original  cube,  from 
each  of  which  the  aspect  of  the  whole  structure  is  exactly 
what  it  was  before,  with  the  exception  that  everything  is 
inverted  as  though  in  a  mirror  ;  right  hand  has  become  left 
hand,  and  the  observer  is  contemplating,  as  it  were,  the 
reflection  of  what  was  seen  from  the  first  position. 

The  system  composed  of  all  the  latter  points,  twenty- 
four  in  each  cube  throughout  the  whole  structure,  is  a 
second  Sohncke  system,  B. 

Next,  suppose  each  cubic  room  to  be  similarly  furnished; 
and  let  the  articles  of  furniture  be  of  such  a  shape  and  so 
placed  with  regard  to  the  walls,  floor  and  ceiling  that  the 
aspect  of  the  room  from  each  point  of  A  is  the  same,  while 
the  aspect  of  it  from  any  point  of  B  is  not  the  inverted 
image  of  the  view  from  A.  The  whole  set  of  rooms  with 
its  furniture  is  now  a  homogeneous  structure,  and  will  be 
found  to  have  the  symmetry  of  an  asymmetric  cubic  crystal 
such  as  sal-ammoniac.  Such  a  structure  is  not  identical 
with  its  image.  Again,  let  the  articles  be  so  placed  and  of 
such  a  nature  that  the  aspect  from  each  point  B  is  the 
inverted  image  of  the  view  from  each  point  A  ;  the  struc¬ 
ture  is  still  a  homogeneous  one,  but  has  now  the  complete 
symmetry  of  a  cubic  crystal  such  as  fluor,  and  is  identical 
with  its  image. 

Barlow  regards  this  property  of  identity  with  its  own 
image  as  the  only  property  compatible  with  its  homo¬ 
geneity  which  can  increase  the  symmetry  of  a  homogeneous 
structure.  He  takes  therefore  as  the  basis  of  all  con¬ 
ceivable  homogeneous  structures  the  sixty -five  regular 
systems  of  points  established  by  Sohncke  ;  he  inquires 
which  of  the  sixty-five  types  of  structure  can  possess  the 
additional  property  of  identity  with  their  own  images,  and  in 

how  many  ways  they  may  do  so  ;  and  he  finally  arrives  at 
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a  result  practically  identical  with  that  of  Fedorow  and 
Schonflies  ;  namely,  that  there  are  229  possible  varieties  of 
homogeneous  structures,  and  that  these  present  exactly  the 
same  thirty-two  types  of  symmetry  which  are  to  be  found 
in  crystals,  and  no  others. 

The  conclusion  of  the  whole  matter  is,  then,  that  the 
peculiar  symmetry  of  crystals  can  be  fully  explained  as 
resulting  from  their  homogeneity.  That  they  are  homo¬ 
geneous  structures  we  are  bound  to  believe  from  the  fact 
that,  so  far  as  our  observation  goes,  a  crystal  is  the  same  at 
every  point  within  its  mass  ;  it  is  impossible  to  distinguish 
one  internal  part  from  another ;  and  this  character  can 
scarcely  be  attributed  to  anything  else  than  the  juxta¬ 
position  of  identical  parts  or  particles. 

*  The  geometrical  principle  of  homogeneity  with  its 
resulting  symmetry  is  one  of  the  very  greatest  importance, 
and  must  be  taken  into  account  in  any  theory  of  the  con¬ 
stitution  of  solid  matter  ;  no  theory  of  crystalline  structure 
which  ignores  it  deserves  serious  consideration,  and  any 
theory  which  is  antagonistic  to  it  may  be  at  once  dismissed. 

Lord  Kelvin,  in  his  interesting  Boyle  Lecture,  delivered 
at  Oxford  in  1893,  has  shown  how  the  same  problem  may 
be  regarded  in  three  different  w'ays.  In  the  first  place,  it  is 
possible  to  consider,  as  has  been  done  above,  the  regular 
arrangement  of  a  number  of  identical  figures  or  units  of  any 
sort ;  secondly,  one  may  imagine  them  to  be  so  arranged  that 
they  are  all  in  contact,  the  problem  then  becomes  one 
concerning  the  close  packing  of  bodies  of  a  given  shape 
(for  example,  a  pile  of  cannon  balls) ;  or,  thirdly,  these  may 
be  imagined  to  increase  in  size  until  they  are  all  in  complete 
contact  over  their  whole  surface,  the  problem  then  becomes 
one  of  the  partitioning  of  space  into  cells. 

But,  in  any  case,  corresponding  parts  of  the  structure, 
that  is  to  say,  parts  which  are  either  identical  or  inverted 
(in  the  sense  described  above),  must  conform  to  one  of  the 
229  types  now  established,  and  the  nature  of  such  structures 
is  limited  by  this  condition. 
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ATTEMPTS  TO  ASCERTAIN  THE  STRUCTURE  OF  KNOWN 

CRYSTALS. 

The  next  problem  is  to  determine  which  of  these  types 
are  physically  possible  and  can  be  used  to  explain  the 
structure  of  known  substances. 

It  is  customary  to  suppose  that  when  a  substance 
crystallises,  the  gaseous  molecules,  or  the  liquid  molecules, 
or  the  free  ions,  coalesce  to  form  complex  groups  to  which 
the  name  of  crystal  molecules  is  given,  and  the  regular 
arrangement  of  these  clusters  is  supposed  to  constitute  the 
structure  of  the  crystal.  Further,  it  is  usually  believed 
that  the  arrangement  of  the  crystal  molecules  is  determined 
by  their  inherent  symmetry,  and  the  symmetry  of  each 
crystal  molecule  is  unhesitatingly  ascribed  to  the  arrange¬ 
ment  of  the  atoms  within  it. 

It  is  obvious  that  with  such  a  string  of  assumptions  as 
are  here  necessary  the  reasoning  may  be  to  the  last  degree 
fallacious.  Even  supposing  that  we  are  justified  in  regard¬ 
ing  the  chemical  molecule  as  having  a  configuration  due  to 
the  arrangement  of  rigid  parts,  it  is  difficult  to  see  why  the 
symmetry  of  the  crystal  molecule  must  be  the  same  as  that 
of  the  crystal ;  and  if  the  chemical  molecules  of  which  it 
consists  be  differently  orientated,  it  is  still  more  difficult 
from  the  symmetry  of  the  crystal  to  draw  any  conclusion 
regarding  that  of  the  chemical  molecule. 

Returning  for  a  moment  to  the  illustration  of  the  cubical, 
rooms  employed  above,  it  might  be  expected  that  if  the 
nature  of  such  a  structure  were  under  investigation  the  first 
step  would  be  to  ascertain  the  form  of  the  rooms,  and 
afterwards  to  determine  the  distribution  of  the  articles 
which  they  contain.  In  the  same  way,  although  we  do  not 
know  whether  the  crystal  molecule  (if  it  exist)  is  to  be 
regarded  as  represented  by  the  room  itself  or  by  any  one 
of  the  symmetrically  distributed  articles,  it  might  at  any 
rate  be  expected  that  attempts  would  first  be  made  to 
ascertain  how  the  crystal  particles  are  arranged,  rather 
than  to  investigate  their  symmetry  or  that  of  the  chemical 
molecule. 
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Curiously,  however,  although  scarcely  any  successful 
progress  has  been  made  towards  determining  the  arrange¬ 
ment  of  the  molecules  in  any  actual  crystal,  some  very 
interesting  attempts  to  determine  the  relative  positions  of 
the  atoms  within  the  molecule  of  certain  crystals  have 
recently  been  made,  and  deserve  consideration  as  the  first 
efforts  to  found  such  speculations  upon  observed  facts. 

APPLICATION  OF  THE  LAW  OF  GLADSTONE. 

Sollas  (Irans.  Roy.  Dublin  Soc .,  v.,  p.  157)  has  at¬ 
tempted  to  interpret  the  law  of  Gladstone  and  Dale,  applied 
to  crystallised  substances,  as  indicating  the  relative  positions 
of  the  atoms. 

71  —  I 

This  law,  which  states  that  - —  is  a  constant 

a 

specific  refractive  enei'gy)  for  a  given  substance  whether 
existing  alone  or  combined  with  other  substances,  is  in¬ 
telligible  in  the  case  of  liquids  or  gases,  where  n  denotes 
the  refractive  index  and  d  the  density  ;  the  specific  refrac¬ 
tive  energy  of  a  compound  can  then  be  deduced  from  that 
of  its  components,  for  the  refractive  equivalent  of  the 
compound  (t.e.,  specific  refractive  energy  multiplied  by 
molecular  weight)  is  the  sum  of  the  refractive  equivalents 
of  its  components.  Now,  for  crystals  belonging  to  the 
cubic  system,  both  n  and  d  can  be  supposed  to  have  the 
same  meaning  as  in  the  case  of  liquids,  for  such  crystals  are 
isotropic  ;  but  in  other  substances  the  index  of  refraction 
varies  with  the  direction  of  a  ray  of  light  within  the  crystal, 
and  we  cannot  speak  of  the  refractive  index  of  the  sub¬ 
stance.  Yet,  curiously  enough,  it  has  been  established  as 
an  empirical  fact  that  the  law  holds  perfectly  for  crystals  if 
the  mean  refractive  index  be  used  in  the  formula. 

Sollas  then  inquires  what  is  the  signification  of  the 
formula  when  the  maximum  and  minimum  indices  are  used 
respectively  in  place  of  the  mean  index.  Thus  sodium 
nitrate  crystallises  in  the  rhombohedral  system,  and  has  the 
two  following  principal  indices  : — 

Ordinary  refractive  index  =  1*586. 

Extraordinary  ,,  =  1*336. 
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The  salt  crystallises  in  rhombohedra;  the  author  assumes 
that  “the  molecule  must  conform  to  the  symmetry  of  the 
rhombohedral  system,  and  for  this  at  least  three  sodium 
nitrate  molecules  must  be  conjoined,  while  to  produce  a 
rhombohedron  six  will  be  required  He  supposes  then 
that  these  six  molecules  are  distributed  into  two  groups, 
one  consisting  of  oxygen,  six  atoms  of  which  are  vertically 
linked  to  a  nitrogen  atom,  and  the  other  of  six  rays  of 
-O-N-O-Na,  the  chemical  bonds  of  which  lie  more  or  less 
parallel  to  the  equatorial  plane.  Rays  of  light  travelling 
perpendicular  to  the  optic  axis  determine  the  two  principal 
indices  of  refraction  ;  and  the  next  supposition  made  is 
that  the  ordinary  index  relates  to  the  horizontal  group  of 
atoms,  and  the  extraordinary  to  those  which  are  vertically 
linked  ;  in  other  words,  the  ordinary  index  relates  to 
Na  N3  02  and  the  extraordinary  index  to  N2  O.  It  will 

7  5 

be  observed  that  this  introduces  a  fresh  assumption, 

namely,  that  we  are  justified  in  assigning  three-fifths  of  the 

molecular  weight  of  the  nitrogen  to  the  equatorial  members 

of  the  molecule,  because  only  three  out  of  the  five  bonds 

are  horizontally  linked. 

Applying  the  formulae 


nT  —  1 


A 


n , 


& 


=  dx 


where  nt  is  the  ordinary,  n2  the  extraordinary  index, 
k1  is  the  refractive  energy  of  NaN3  02 


L 


*  } 


N*  O 


we  get  dx  ==  2*693,  A  =  i '474- 

What  may  be  the  physical  meaning  of  these  two 
quantities  the  author  does  not  venture  to  suggest,  but  he 
next  assumes  that  the  molecular  weight  of  the  first  atomic 
group  divided  by  dx  gives  its  volume  v1}  and  that  the 
molecular  weight  of  the  second  divided  by  d2  gives  similarly 

v2,  the  volume  of  the  group  N2  O,  and  that  the  sum  of 

I 

these  partial  volumes  is  equal  to  that  of  the  whole  salt. 
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This  is,  in  fact,  .very  nearly  the  case,  for  vT  =  23*54, 

=  14*65  and  vx  +  v2  =  38*19,  while  the  volume  of  the  salt 

is  37'85- 

Evidently  there  are  many  ways  of  arranging  the 
atoms  to  accord  with  any  required  symmetry,  and  these 
will  all  give  different  values  of  dr  and  d2 ;  the  only 
criterion  which  can  be  applied  in  order  to  discover  which 
is  to  be  adopted  in  any  instance  is  the  proposed  equality 
between  the  sum  of  the  partial  volumes  and  that  of  the 
salt  itself. 

The  insecure  nature  of  the  evidence  is  so  conspicuous 
that  it  is  scarcely  necessary  to  point  out  how  at  every  step 
in  the  reasoning  a  fresh  assumption  is  introduced.  We  do 
not  know  in  the  least  that  three  molecules  are  necessary 
for  rhombohedral  symmetry,  or  that  the  nitrogen  atom  is 
attached  to  five  oxygen  atoms,  or  that  it  is  allowable  to 
imagine  the  optical  action  of  the  nitrogen  divisible  into 
fifths,  or  that  there  is  any  such  thing  as  vertical  or 
horizontal  linking,  and  least  of  all  do  we  know  the  signi¬ 
fication  of  the  quantities  dx  and  d2  which  are  made  to  play 
the  part  of  densities  measured  along  a  certain  direction. 
Without  other  confirmatory  evidence  it  is  impossible  to  put 
much  faith  in  the  criterion  by  which  the  atomic  arrange¬ 
ment  is  tested,  or  to  say  that  the  hypothesis  possesses  more 
than  a  certain  plausibility. 

But  all  this  does  not  diminish  the  interest  of  these 
suggestive  speculations  or  the  extreme  ingenuity  with 
which  they  are  brought  forward  by  Sollas. 

An  additional  piece  of  evidence  in  favour  of  the  distri¬ 
bution  which  he  suggests  for  sodium  nitrate  is  the  fact  that 
in  potassium  nitrate  the  least  index  of  refraction  is  almost 
identical  with  the  lesser  index  of  the  sodium  salt ;  hence  it 
might  be  expected  that  this  index  is  related  to  the  radicle 
which  is  the  same  for  both  salts,  namely,  the  nitric  oxide  ; 
and  such  a  view  accords  with  the  atomic  distribution 
suggested  above. 

Another  case  in  which  somewhat  stronger  confirmatory 
evidence  is  adduced  is  that  of  the  hydrated  potassium 
copper  chloride  Cu  Cl2,  2K  Cl,  2H2  O,  which  crystallises 
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in  the  tetragonal  system.  Here  the  atomic  distribution 
adopted  is  as  follows  : — 

H  K 

ci 

H— Cl— Cu— Cl— H  H— Cl— Cu— Cl-  H 

Cl  O 

H  K 

Horizontal  Plan.  Vertical  Elevation. 

This  gives  vz  +  vz  =  132*9  ;  a  number  almost  exactly  equal 
to  that  obtained  from  the  formula  of  the  whole  salt. 

Now  the  crystals  are  markedly  dichroic,  the  ordinary 
ray  being  green,  and  the  extraordinary  blue;  it  is  suggested 
that  this  corresponds  to  the  above  arrangement ;  for  the  com¬ 
position  along  the  vertical  line  is  Cur  O  K  or  Cu  03 ;  and 

T 

that  along  the  horizontal  line  Cux  Clr  or  Cu  Cl3.  The 

6  2 

former  is  more  of  a  cupric  nature  than  the  latter,  and  the 
cupric  salts  are  characteristically  blue  as  contrasted  with  the 
green  cuprous  salts. 

This  suggestion  of  course  opens  up  a  most  interesting 
series  of  questions  as  to  the  relative  distribution  of  ferrous 
and  ferric  constituents  in  the  pleochroic  compounds  of  iron. 
But  we  must  here  leave  the  bold  and  ingenious  speculations 
of  Sollas  in  order  to  glance  at  the  manner  in  which  the  same 
problem  has  been  approached  by  other  investigators. 


DETERMINATION  OF  TOPIC  AXES. 

Muthmann  (^Zeitschr.  f  Krystallographie ,  xxii.,  p.  497)* 
and,  independently  (at  the  suggestion  of  Becke),  I  utton 
i^Journ.  Chemical  Soc.,  lxv.,  p.  628),  have  endeavoured,  by 
extremely  accurate  determinations  of  the  angular  relations 
and  of  the  specific  gravity  of  certain  substances,  to  deter¬ 
mine  the  relative  distances  of  the  crystal  molecules  from 
each  other  along-  different  directions  in  a  series  of  iso- 
morphous  salts.  The  argument  is  this  :  If  Bx  Cx  be  the 
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lengths  of  the  sides  of  the  elementary  parallelepiped  of  the 
crystal  (the  unit  cell  described  in  a  previous  article),  and  V 
be  its  volume,  and  if  a  b  c  be  the  crystallographic  axes  ;  then 
supposing  (merely  for  illustration)  this  elementary  cell  to  be 
rectangular  and  the  axes  to  coincide  in  direction  with  its 

p 

sides  ;  V  =  A,  B,  C,  =-  ,  where  p  is  the  molecular  weight, 

and  ^  is  the  specific  gravity  of  the  salt.  A,  B,  Cz  therefore 
represent  the  molecular  intervals  along  the  edges  of  the 
cell  and  these  edges  may  be  taken  for  crystallographic 
axes. 

ARP 

Then  =  =  » 

a  b  c 


V  =  a  be  fi3  and  p  +  \/  _X_. 

abc 

From  this  it  follows  that 

A,  =  A °lP_  ■  R.= 


b  2V 


-  > 


c 


*/  bzv 

ab 


be  ca 

Similar  formulae  involving  one  or  more  measured  angles 
can  be  easily  obtained  when  the  cell  is  not  rectangular, 
or  where  its  sides  do  not  coincide  in  direction  with  the 
crystallographic  axes. 

A,  Bx  Cx  are  called  the  topic  axes  of  the  crystal. 

So  far  the  topic  axes  present  no  advantage  over  the 
ordinary  crystallographic  axes,  since  they  are  merely  num¬ 
bers  expressed  in  terms  of  an  unknown  unit.  But  the  next 
step  is  to  calculate  the  topic  axes  for  a  number  of  sub¬ 
stances  belonging  to  a  strictly  isomorphous  series  ;  Muth- 
mann  did  this  for  the  acid  phosphates  and  arsenates  of 
potassium  and  ammonium,  and  for  certain  alkaline  perman¬ 
ganates  ;  Tutton  for  the  sulphates  of  potassium,  rubidium 
and  caesium. 


Let  At  BI  CIf  A2  B2  C2,  etc.,  be  the  topic  axes  for  such 
a  series.  We  may  reasonably  assume  that  the  molecular 
arrangements  of  isomorphous  crystals  are  similar,  and,  there¬ 
fore,  that  they  have  the  same  elementary  parallelepiped, 
which  only  varies  slightly  in  its  dimensions  for  the  various 
members  of  the  series.  If  this  be  so  we  are  enabled  to 
compare  (for  the  first  time)  crystals  of  different  substances. 
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Not  only  do  A,  B,  Cx  give  the  relative  molecular  intervals 
along  three  directions  in  crystals  of  the  first  substance,  and 
A2  B2  C2  along  three  corresponding  directions  in  the  second, 
but  the  ratio  Ax  :  A2  represents  the  relative  molecular  se¬ 
paration  along  corresponding  directions  in  the  two  different 
substances.  Hence  in  a  series  of  isomorphous  substances 
we  are  enabled  to  express  the  increased  or  diminished 
separation  of  the  molecules  along  a  given  direction  which 
results  from  the  replacement  of  one  element  or  radicle  by 
another  in  the  series. 

Thus,  as  regards  the  first  series  examined  by  him, 
Muthmann  found  that  in  the  tetragonal  phosphates  and 
arsenates  the  replacement  of  an  atom  of  phosphorus  by  an 
atom  of  arsenic  causes  a  separation  of  the  molecules  which 
is  almost  uniform  in  all  directions  ;  when,  on  the  other 
hand,  in  either  the  phosphate  or  the  arsenate  the  potassium 
atom  is  replaced  by  the  ammonium  radicle,  the  molecules 
are  again  separated,  but  now  almost  entirely  in  the  direction 
of  the  principal  axis. 

From  this  interesting  result  he  concludes  that  the 
metallic  elements  occupy  such  a  position  in  the  molecule 
that  lines  uniting  them  to  the  acid  radicles  are  parallel  to 
the  principal  axis. 

With  -the  further  assumption  that  the  symmetry  of  the 
crystal  molecule  is  tetragonal  like  that  of  the  crystal,  and 
therefore  that  it  must  contain  at  least  eight  chemical  mole¬ 
cules,  Muthmann  finally  proposes  a  scheme  of  the  structure 
of  the  crystal  molecule,  in  which  eight  K  O  radicles  are 
placed  vertically  above  and  below  four  pairs  of  P  O  (O  H)2 
radicles  arranged  at  the  corners  of  a  square. 

In  a  similar  manner  Tutton  proposes  as  the  structure 
of  the  orthorhombic  group  of  alkaline  sulphates  an  arrange¬ 
ment  of  four  chemical  molecules,  and  suggests  the  relative 
positions  of  the  metallic  atoms. 

It  will  be  evident  that  in  these  speculations  again  we 
are  confronted  by  a  long  series  of  assumptions  ;  we  do  not 
know  that  the  volume  of  the  elementary  parallelepiped  is 
the  equivalent  volume  of  the  substance  ;  we  have  no  con¬ 
vincing  evidence  to  indicate  the  form  of  the  elementary 
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parallelepiped  ;  it  is  by  no  means  certain  that  the  crystallo¬ 
graphic  or  topic  axes  represent  molecular  intervals  ;  and 
there  is  no  direct  evidence  to  show  that  the  symmetry  of 
the  crystal  molecule  (whatever  that  may  be)  is  the  same  as 
that  of  the  crystal  itself. 

ADDITIVE  RELATIONS  OF  CHONDRODITE. 

Another  important  contribution  to  the  subject  is  one  in 
which  the  crystals  compared  are  not  isomorphous,  but  bear 
an  additive  relation  to  one  another  ;  it  is  a  case  in  which 
the  substances  differ  not  by  the  replacement  of  one  element 
or  radicle  by  another,  but  by  the  addition  or  subtraction  of 
the  same  radicle. 

By  careful  analysis  of  the  minerals  of  the  chondrodite 
group  Penfield  ( Amer .  Journ.  Science ,  xlvii.,  p.  188)  has 
proved  that  there  are  three  compounds  having  the  com¬ 
position — 

(A)  Mg3  [Mg  (F.  OH)]2  (Si  04)2  No.  of  Mg  atoms  5 

(B)  Mg5[Mg(F.0H)l(Si04)3  „  „  7 

(C)  Mg,  [Mg  (F.  OH)l  (Si  04)4  „  „  9 

Fach  of  these  is  derived  from  the  preceding  one  by  the 

addition  of  the  olivine  radicle  Mg2  Si  04. 

The  three  minerals  have  almost  the  same  form,  but 
differ  only  in  the  length  of  one  crystallographic  axis.  The 
lengths  ol  this  axis  in  the  three  minerals  are  in  the  ratio 
5  •  7  :  9-  I  hus  the  addition  of  the  olivine  radicle  Mg„  Si  04 
exerts  a  so-called  “  morphotropic  ”  action  along  one  definite 

axis,  and  causes  a  certain  constant  increase  in  the  length  of 
this  axis. 

Penfield  himself  does  not  draw  any  conclusion  re¬ 
garding  the  structure  of  the  crystal,  but,  obviously,  it 
might  be  suggested  with  as  much  reason  as  in  any  of  the 
previous  cases  that  the  olivine  radicle  is  situated  on  the 
variable  axis.  It  is  further  a  curious  fact  that  the  length  of 
this  axis  varies  directly  as  the  number  of  magnesium  atoms 
in  the  compound. 
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CONCLUSIONS. 

In  the  preceding  pages  abundant  stress  has  been  laid 
upon  the  difficulties  which  stand  in  the  way  of  current 
views  upon  the  structure  of  the  crystal  molecule  ;  this  has 
been  done  not  with  any  desire  to  detract  from  the  interest 
of  these  speculations  or  the  great  value  of  the  accurate 
observations  upon  which  alone  they  can  be  based,  but  rather 
in  order  to  emphasise  the  difference  which  exists  between 
them  and  the  geometrical  conclusions  described  in  the 
previous  article  and  at  the  commencement  of  the  present 
one. 

The  latter  are  rigid,  definite  and  final ;  the  former 
cannot  for  the  present  be  regarded  as  more  than  plausible 
speculations  ;  if  they  represent  anything  approximating  to 
the  truth  then  the  atomic  arrangement  deduced  from  the 
refractive  equivalents  should  be  the  same  as  that  deduced 
from  the  topic  axes  ;  this  has  not  yet  been  tested.  Again 
such  speculations  should  take  into  account  the  geometrical 
laws  of  homogeneity,  and  therefore  regard  the  possibility 
of  a  given  crystal  having  a  structure  corresponding  to  one 
or  other  of  229  types  now  established;  but  at  present  the 
crystals  investigated  have  only  been  referred  to  one  of 
the  fourteen  simplest  special  cases  of  these  types  which 
were  established  by  Bravais  ;  and  to  one  or  other  of  these 
types  the  symmetry  of  the  molecule  itself  has  also  been 
referred.  Meanwhile,  however,  it  is  encouraging  to  note 
that  the  problem  of  molecular  structure  has  been  attacked, 
and  that  at  any  rate  a  firm  geometrical  basis  has  been 
provided. 

In  my  own  opinion  the  conclusions  to  be  drawn  from  the 
interesting  memoirs  mentioned  in  this  article  are  not  those 
which  have  been  suggested  by  their  authors,  but  rather  the 
point  which  they  implicitly  assume.  All  these  researches 
appear  to  me  to  prove  nothing  regarding  the  arrangement 
of  atoms  rigidly  distributed  in  a  crystal  molecule,  and 
united  by  bonds  having  certain  directions  in  a  crystal,  but 
they  do  prove  one  very  important  fact  which  is  equally 
suggested  by  the  geometrical  treatment  and  by  the  experi- 
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mental  work  ;  namely,  the  independence  of  the  parts  in  the 
crystal  structure  as  shown  by  the  additive  nature  of  the 
crystal  characters.  I  here  is  nothing  resembling  the  com¬ 
position  of  forces  or  of  motions,  each  part  contributes  its 
own  effect  independently  of  the  others  ;  morphologically,  in 
the  axial  ratios  ;  physically,  in  the  refractive  equivalents 
and  other  properties ;  this  appears  to  be  equally  true, 
whether  our  attention  is  directed  to  the  molecule  or  to  the 
atom.  Further,  the  effects  of  different  atoms  or  radicles 
are  most  marked  in  certain  directions  within  the  crystal, 
but  this  may.be  simply  the  result  of  the  rigidity  of  the 
structure,  and  does  not  necessarily  indicate  the  relative 
positions  of  the  atoms. 

All  the  observed  effects  are,  however,  in  strict  harmony 
with  the  nature  of  a  homogeneous  rigid  structure  as  de¬ 
fined  above.  Whatever  the  parts  may  be  of  which  a  crystal 
consists  they  must  be  uniformly  repeated ;  and  whatever 
motions  they  possess  must  be  confined  in  such  a  manner 
that  each  may  be  regarded  as  simply  juxtaposed  beside  its 
neighbours  without  encroaching  upon  their  domain. 


H.  A.  Miers. 


WHAT  IS  A  “TENDENCY  ”  ? 


IN  the  interesting  discussion  which  took  place  recently 
in  the  columns  of  Nature  on  the  possibility  of  the 
“  Inheritance  of  Acquired  Characters,”  as  in  all  recent  writ¬ 
ings  on  the  subject  of  heredity,  much  use  was  made  of  the 
terms  “tendency”  and  “predisposition”.  I  have  searched 
Darwinian  and  post-Darwinian  literature  in  the  hope  of 
finding  an  exact  definition  of  these  terms,  but  at  present 
without  success.  If  used  vaguely  and  without  any  definite 
meaning,  it  will  be  admitted  that  they  have  no  more  value 
than  the  “  essences  ”  and  “  humours  ”  of  mediaeval  natural¬ 
ists  ;  and  it  seems  to  me  that  a  clear  idea  of  the  meaning  of 
these  terms  must  be  the  basis  of  any  fruitful  discussion  of 
the  phenomena  of  heredity. 

What  is  meant  by  the  phrase  that  an  organised  being 
has  a  “tendency  to  variation”?  Clearly  this  is  meant  to 
express  some  property  or  function  of  the  being  in  question. 
Now,  with  regard  to  the  origin  of  functions,  let  me  quote 
from  Professor  Huxley,  not  because  he  favours  my  views 
on  this  question,  but  because  he  is  the  clearest  thinker  and 
writer  of  the  day  on  biological  subjects  :  “  All  functions, 
intellectual,  moral,  and  others,  are  the  expression  or  the 
result,  in  the  long  run,  of  structures,  and  of  the  molecular 
forces  which  they  exert  ”d  I  do  not  think  that  the  sound¬ 
ness  of  this  statement  will  be  generally  disputed.  The 
tendency  to  variation  then,  in  an  organism,  is  a  function 
resulting  from  molecular  forces  exerted  by  the  structures  of 
which  that  organism  is  composed.  The  only  alternative 
hypothesis  appears  to  me  to  be  that  this  tendency  is  the 
result  of  an  internal  vital  force  independent  of  matter ;  and 
this  hypothesis  can  hardly  be  accepted  by  those  who  regard 
Natural  Selection  as  the  sole  or  the  main  law  which  has 
favoured  the  development  of  the  different  forms  of  organic 
life. 


1  Darwiniana,  p.  472. 
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Now  let  us  take  two  sentences  quoted  by  Sir  Edward 
Fry  from  Weismann  in  the  discussion  already  referred  to: 
“By  the  term  acquired  characters  I  understand  those 
which  do  not  exist  originally  in  the  germ  as  tendencies  ”  1 
And  again  :  “An  organism  cannot  acquire  anything  unless 
it  already  possesses  the  predisposition  to  acquire  it”.2  It 
follows,  from  the  first  of  these  quotations,  that  there  are,  in 
Weismann  s  view,  characters  which  do  exist  originally  in 
the  germ  as  tendencies  ;  and,  seeing  these  are  not  acquired 
characters,  they  must  have  been  inherited  from  the  original 
germ  of  all  organic  life,  d  his  then  is  obviously  the  history 
of  all  non-acquired  characters  ;  and  it  must  be  noted  that 
the  definition  quoted  above  seems  to  show  that  Weismann  s 
idea  of  a  predisposition  or  tendency  agrees  with  my  own, 
viz.,  that  it  is  a  character,  property,  or  function,  of  the 
organism  in  question.  Next,  let  us  endeavour  to  trace  the 
history  of  an  “acquired”  character.  Its  acquisition  re¬ 
quires,  according  to  Weismann,  a  “predisposition”  in  the 
organism  acquiring  it ;  if  by  a  predisposition  is  meant  any¬ 
thing  definite,  that  something  must  be  regarded  as  a  pro¬ 
perty  or  function  ;  and  that  function,  according  to  Huxley, 
is  an  expression  of  the  molecular  structure  of  the  organism. 
If  this  view  be  accepted,  it  excludes  the  idea  that  the  func¬ 
tion  is  the  direct  result  merely  of  external  forces  acting  on 
the  organism  ;  and  only  two  alternative  interpretations 
seem  to  me  possible  :  either  this  predisposition  or  tendency 
is  inherited  ;  or  it  has  sprung  up  spontaneously,  and  inde¬ 
pendently  either  of  the  “molecular  forces  exerted  by  the 
structures,  ’  or  of  the  direct  action  of  external  forces.  The 
latter  is  of  course  the  hypothesis  of  a  vital  plastic  force 
originating  independently  of  matter,  a  theory  which  will 
hardly  be  accepted  by  modern  biologists  of  the  Darwinian 
or  post- Darwinian  school.  But,  unless  we  accept  this 
hypothesis,  then — if  the  arguments  I  have  used  have  any 
validity — the  essential  distinction  which  some  have  at¬ 
tempted  to  draw  between  “acquired”  and  “non-acquired” 

1  Das  Keimplasma,  p.  514. 

2  Essays  on  Heredity ,  2nd  Engl,  ed.,  vol.  i.,  p.  171. 
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characters  breaks  down  altogether.  All  are  the  outcome  of 
the  hereditary  transmission  of  a  tendency  or  predisposition 
possessed  by  the  original  germ.  This  hereditable  tendency 
to  vary  lies  at  the  root  of  all  evolution,  and  of  the  acquisition 
of  all  new  characters  and  functions. 

Whether  this  tendency  to  variation  in  organic  germs 
is  equally  strong  in  all  directions,  or  whether,  indeed,  there 
is  such  an  unlimited  tendency,  is  a  question  the  discussion  of 
which  would  lead  us  beyond  the  limits  of  our  present  in¬ 
quiry.  I  have  already  attempted  to  point  out,  in  a  paper 
read  before  the  British  Association  at  its  meeting  in  Liver¬ 
pool  in  1870,1  how  difficult  it  is,  on  mathematical  grounds, 
to  explain  the  phenomena  of  Mimetism  by  the  application 
of  the  law  of  Natural  Selection  acting  on  an  unlimited 
tendency  to  variation  in  all  directions.  Twenty-five  years 
ago  I  wrote  :2  “The  discovery  of  this  law  (Natural  Selec¬ 
tion)  marked  an  era  in  the  history  of  natural  science,  and 
gave  a  wonderful  impulse  to  original  research.  The  danger 
now  is  that  the  law  will  be  pressed  into  services  which 
have  no  claim  upon  it ;  and  that,  in  the  hands  of  injudicious 
partisans,  it  will  become  a  hindrance  rather  than  an  aid  to 
science,  by  closing  the  door  against  further  investigations 
into  other  laws  which  lie  behind  it.  To  claim  for  Natural 
Selection  the  main  agency  in  the  creation  of  the  countless 
forms  of  organic  life  with  which  we  are  surrounded,  is 
straining  it  beyond  its  strength.  An  era  of  equal  im¬ 
portance  will  be  marked  by  the  discovery  of  the  law  which 
regulates  the  tendency  to  variation  that  must  necessarily 
underlie  Natural  Selection.”  Are  we  much  nearer  to  a 
solution  of  this  problem  now  than  we  were  a  quarter  of  a 
century  ago  ? 

My  chief  object  in  the  foregoing  remarks  has  been  to 
show  that,  accepting  Weismann’s  own  definition  of  “ac¬ 
quired  ”  characters,  there  is  still  in  these  characters  a 
hereditable  factor,  which  renders  it  impossible  to  draw  any 
satisfactory  distinction  between  them  and  “  non-acquired  ” 

1  See  Nature ,  vol.  iii.,  p.  30,  10th  Nov.,  1870. 

2  Tom.  cit.,  p.  33. 
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characters.  It  may  be  that  I  approach  the  subject  with  a 
prepossession;  seeing  that,  in  that  branch  of  natural  history 
with  which  alone  I  have  any  practical  acquaintance,  the 
facts  within  one’s  own  knowledge,  as  well  as  those  recorded 
by  others,  have  led  me  irresistibly  to  the  conclusion  that 
any  character  or  habit  once  acquired,  in  whatever  way  it 
may  have  been  obtained,  is  potentially  transmitted  to  the 
descendants  of  the  individual  acquiring  it.  But  knowing 
that  some  who  have  studied  very  deeply  the  laws  of  life  in 
the  animal  kingdom  have  come  to  an  opposite  conclusion, 
I  should  be  very  glad  if  these  remarks  were  to  bring  out 
from  any  of  them  an  explanation  which  would  throw  light 
on  this  aspect  of  the  problems  of  life. 


Alfred  W.  Bennett. 


RECENT  CONTRIBUTIONS  TO  THE  GEOLOGY 
OF  THE  WESTERN  ALPS. 


LARGE  scale  geological  map  is  usually  recognised 


l\  as  occupying  the  same  position  in  the  geological 
study  of  a  country  as  a  trigonometrical  survey  does  in  its 
geography  ;  but  it  is  much«  less  often  realised.  In  moun¬ 
tainous  countries  it  is  an  ideal  at  which  it  is  especially 
necessary  to  aim,  and  which  is  especially  difficult  of  attain¬ 
ment.  In  regions  like  the  Alps,  where  much  of  the  ground 
is  covered  by  snow  and  ice,  by  forest  and  debris ,  where 
artificial  sections  or  the  plough  do  not  come  to  the  aid  of 
the  geologist,  and' where  unscaleable  cliffs  bar  his  approach 
to  many  of  the  finest  sections,  a  complete  map  is  often 
impracticable.  Moreover,  the  geological  interpretation  of 
the  structure  of  a  country  may  be  at  any  time  modified  by 
the  raising  of  the  snow  line  after  a  dry,  hot  summer, 
whereby  rocks  are  exposed  to  view  which  have  not  been 
seen  for  decades,  and  will,  on  the  first  winter’s  snow,  be 
covered  for  decades  again.  Professor  Bonney  has  clearly 
pointed  out  the  reasons  why  a  detailed,  petrographical  map 
of  the  Alps  of  Switzerland  will  be  long  delayed,1  even  if  the 
difficulties  be  finally  overcome  at  last.  And  in  the  Western 
Alps  of  Northern  Italy  lack  of  accommodation  and  the 
suspicions  of  the  frontier  guard  place  further  obstacles  in 
the  way. 

It  is  therefore  not  surprising  that  in  the  study  of  the 
geology  of  the  Alps  hypothesis  and  speculation  have  been 
more  than  usually  rampant.  Nor  is  it  strange  that  anti¬ 
quated  theories  and  unscientific  notions  still  linger  amid 
these  mountain  fastnesses,  with  the  ghosts  and  goblins  that 
survive  in  the  minds  of  the  superstitious  peasants  of  the 
upland  chalets.  This  is  especially  the  case  in  the  Western 
Alps,  which,  in  addition  to  the  previously  mentioned 
difficulties,  have  special  ones  of  their  own.  The  Central 


1  Quart.  Jour n.  Geol.  Soc .,  vol.  xlvi.,  pp.  187-188,  1890. 
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Alps  are  rendered  accessible  by  roads  and  railways.  The 
Eastern  Alps  are  the  playgrounds  of  the  two  foremost 
Continental  schools  of  geology,  Vienna  and  Munich.  The 
great  bow  of  the  Western  Alps  has  no  such  advantages. 
The  most  critical  part  of  the  area  is  a  frontier  line,  which 
has  little  hotel  accommodation,  and  attracts  few  visitors. 
The  military  authorities,  moreover,  do  their  best  to  make 
this  number  even  smaller  still.  The  only  geological  maps 
are  on  a  small  scale  and  very  diagrammatic.  Nor  is  there 
any  prospect  of  anything  better  for  much  of  the  area  being 
attempted  for  some  time  to  come.  So  the  present  plethora 
of  hypothesis  may  long  continue.  During  the  past  two 
years  numerous  important  additions  to  the  literature  of  the 
area  have  been  made,  but  these  show  how  far  we  still  are 
from  any  agreement  upon  even  the  fundamental  facts. 

In  the  first  place  it  is  necessary  briefly  to  summarise 
the  main  outlines  of  the  structure  of  the  Western  Alps. 
As  is  shown  in  fig.  1  these  consist  of  a  series  of  concentric 
chains1  which  sweep  round  from  Lucerne  and  the  St. 
Gothard  through  the  districts  of  Geneva,  Mont  Blanc, 
Dauphine,  and  the  Cottians  to  the  Apennines.  The  most 
persistent  zone  is  that  of  the  “  Zone  du  Brian^onnais,” 
which  consists  in  the  main  of  a  band  of  Carboniferous, 
Triassic  and  Lower  Jurassic  rocks  which  extends  from  the 
St.  Gothard  to  Genoa.  To  the  east  and  west  of  this  are 
two  zones  formed  of  schistose  rocks,  and  containing  many 
great  “massifs”  of  gneiss.  These  gneisses  were  originally 
described  as  the  oldest  rocks  in  the  zones,  but  they  are  now 
known,  in  many  cases  at  least,  to  be  of  later  date  than  the 
schist  and  of  an  eruptive  character.  The  zone  to  the  east 
is  known  as  that  of  Monte  Rosa  ;  the  one  to  the  west  as 
that  of  Mont  Blanc.  Outside  the  latter  is  a  band  of  lime¬ 
stone  composed  in  the  main  of  Jurassic  and  Cretaceous 
rocks.  On  the  north  side  of  the  curve  there  is  a  zone  not 
represented  to  the  west ;  this  comprises  the  zone  of  the 
Prealpes,  including  the  groups  of  Chablais,  south  of  Lake 

1  The  distribution  and  composition  of  these  chains  have  been  clearly 
summarised  by  Dr.  Diener  in  his  Gebirgsbau  der  Westalpen,  1891. 
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Geneva,  and  the  Stockhorn.  To  the  north  of  the  Prealpes 
lies  the  basin  of  the  Miocene  deposits  of  Northern  Switzer¬ 
land,  which  was  supposed  to  have  been  occupied  by  an 
hypothetical  range  of  mountains — the  Vindelecian  Chain — 
in  Eocene  times. 


I.  Zone  of  Monte  Rosa.  V.  The  Prealpes. 

II.  Zone  of  Brian^onnais.  VI.  The  Molasse  Anticlinal. 

III.  Zone  of  Mont  Blanc.  VII.  The  Juras. 

IV.  The  Limestone  Alps.  VIII.  The  Vindelecian  Chain. 


The  three  problems  in  the  Western  Alps  that  are  now 
occupying  most  attention,  and  which  must  be  settled  before 
any  permanent  advance  can  be  made,  are  the  following  : 
(1)  the  age,  origin  and  relations  of  the  schists  and  gneisses 
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of  the  zones  of  Mont  Blanc  and  Monte  Rosa;  (2)  the 
existence  of  the  hypothetical  “  Double-Fold  of  Glarus  ” 
which  has  been  assumed  to  explain  the  occurrence  of  older 
beds  over  newer  ones  in  the  Todi-Windgallen  group;  and 
(3)  the  origin  of  the  Prealpes  and  the  possible  former 
existence  of  the  “  Vindelecian  Mountains”. 

The  “  Double-Fold”  and  Dr.  A.  Rothpletz’s  alternative 
explanation  (1)  have  been  clearly  summarised  by  Dr. 
Hume  in  a  recent  number  of  “  Science  Progress,”  so  that 
the  question  need  not  be  further  considered  here. 

I.— THE  STRUCTURE  OF  THE  PREALPES. 

The  Prealpes  (of  M.  Renevier)  or  the  zone  of  Chablais 
(of  Diener)  is  one  of  the  smallest  of  the  Alpine  zones,  but 
it  has  given  rise  to  much  discussion.  The  zone  forms  a 
narrow  band  which  runs  from  the  western  end  of  the 
Wallensee  to  the  great  bend  at  the  eastern  corner  of  the 
Lake  of  Lucerne.  It  includes  the  southern  slopes  of  the 
Rigi  and  Pilatus,  and  the  whole  of  the  eastern  end  of  Lake 
Thun.  Further  west  it  expands  to  include  a  broad  tract  of 
country,  comprising  the  Stockhorn  and  other  mountains  to 
the  south  of  Freiburg,  and  the*  district  of  Chablais  to  the 
south  of  the  Lake  of  Geneva.  The  zone  is  composed  of 
rocks  ranging  in  age  from  the  Trias  to  the  Oligocene,  the 
characters  of  which  are  very  different  from  those  of  the 
zone  to  the  south,  or  the  main  Limestone  Alps.  They 
approximate  much  more  closely  to  those  of  the  “Zone  du 
Brian^onnais,”  which  is  three  zones  to  the  south.  The 
occurrence  of  this  isolated  mass,  which  seemed  so  different 
from  and  independent  of  its  neighbours,  on  the  north  flank 
of  the  Limestone  Alps,  appeared  so  anomalous  that  many 
efforts  to  explain  it  have  been  made.  The  best  known  of 
these  is  that  of  M.  Schardt  in  a  paper  (2)  published  at 
the  end  of  December,  1893.  He  denies  the  obvious  ex¬ 
planation  that  the  remarkable  differences  between  the 
lithological  character  of  this  zone  and  that  of  the  next  to 
the  south  may  be  due  to  deposition  under  different  con¬ 
ditions.  He  says  there  is  no  evidence  for  this,  and  the 
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change  is  much  too  sudden.  He  points  out  the  resem¬ 
blances  of  the  rocks  of  the  Prealpes  and  those  of  the  zone 
of  Brian^onnais,  and  concludes  that  they  were  once  con¬ 
nected  by  a  great  sheet  of  rocks  belonging  to  this  zone, 
which  completely  covered  the  two  intervening  zones  (those 
of  Mont  Blanc  and  the  Limestone  Alps).  It  had  previously 
been  suggested  by  Bertrand  and  Steinmann  that  the  Pre¬ 
alpes  were  the  remains  of  a  great  arch  like  that  here 
suggested.  But  instead  of  the  arch  having  risen  to  the 
south  of  the  area,  as  Schardt  concludes,  they  thought  that 
it  rose  to  the  north.  In  that  case  it  would  have  formed 
a  great  mountain  range  over  Northern  Switzerland.  This 
has  been  accepted  by  many  geologists,  and  named  by 
Giimbel  the  “  Vindelecian  Chain  ”  (fig.  1).  Schardt,  how¬ 
ever,  shows  that  there  is  nothing  to  the  north  that  could 
represent  the  other  limb  of  the  arch.  He  therefore  accepts 
the  arch,  but  makes  it  cover  Southern,  instead  of  Northern 
Switzerland. 

This  view  has  been  attacked  from  two  sides.  One  of 
the  points  the  great  arch  has  been  conjured  up  to  explain 
is  the  occurrence  of  huge  blocks  of  granite  in  the  Flysch  of 
the  hills  on  the  north  side  of  the  Lake  of  Thun.  Some  of 
these  are  in  ..size  fifty  metres  cubed.  Some  of  them  are  so 
large  that  they  have  even  been  described  as  intrusive 
granites.  M.  Sarasin  (3)  has  studied  these  boulders  in 
detail,  and  shown  that  their  existence  is  fatal  to,  and  not 
explained  by  Professor  Schardt’s  theory.  The  boulders 
occur  in  four  zones  :  those  of  the  lowest,  or  the  zone  of 
Ormonts,  are  familiar  to  all  visitors  who  ascend  the  Niesen, 
on  the  south  side  of  Lake  Thun  ;  the  highest  occurs 
typically  at  Habkern,  on  the  north  side  of  the  same  lake. 
Sarasin  shows  that  the  materials  in  all  of  them  have  come 
from  the  south,  and  not  the  north,  but  that  those  of 
different  zones  have  come  from  different  areas.  He  con¬ 
cludes  that  at  the  beginning  of  the  Eocene  the  region  of 
the  Prealpes  was  occupied  by  a  series  of  arms  of  the  sea 
parallel  to  the  Alpine  chain,  and  separated  from  one  an¬ 
other  by  islands  of  Jurassic  rocks.  In  these  arms  of  the 
sea  were  formed  the  breccias  of  Ormonts  and  the  Niesen, 
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which  consist  of  materials  from  the  north  slope  of  the  zone 
of  Mont  Blanc.  Toward  the  end  of  the  Flysch  a  great 
part  of  the  Alps,  including  the  Prealpes,  was  elevated 
and  glaciers  formed  upon  the  highest  peaks.  I  hese 
brought  into  the  basin  of  Lake  Thun  masses  of  the  granite 
of  Baveno  and  Predazzo,  of  the  porphyrites  of  Lugano,  and 
of  the  protogines  of  Mont  Blanc  and  the  St.  Gothard. 
This  would  have  been  quite  impossible  if  an  arch  had 
connected  the  zones  of  the  Prealpes  and  that  of  the 
Briangonnais,  and  covered  the  area  from  which  these  rocks 
have  been  derived. 

Professor  Schardt’s  theory  has  been  attacked  from  an¬ 
other  side  in  a  short  but  extremely  interesting  paper  by  M. 
E.  Haug  (4).  In  this  he  considers  the  origin  of  the  Pre¬ 
alpes,  and  offers  another  explanation  of  the  resemblances 
between  the  rocks  of  this  zone  and  that  of  the  “  Zone  du 
Briangonnais  ”.  Bertrand  has  laid  it  down  as  a  geological 
law  that  folds  reproduce  themselves  along  the  same  lines. 
Therefore,  if  we  want  to  find  the  site  of  the  ancient  lines 
of  earth  movements  in .  an  area,  we  must  look  for  them 
below  the  lines  along  which  great  folding  may  be  seen  in 
the  rocks  at  the  surface. 

Haug  accepts  this  law,  and  his  paper  is  devoted  in  the 
main  to  applying  it  to  the  Prealpes.  He  shows  that  the 
Carboniferous  rocks  are  developed  in  two  basins,  an  internal 
one  which  passes  from  Liguria  to  Briangon,  through  the 
Tarentaise  and  the  Maurienne,  to  the  Little  St.  Bernard 
and  along  the  Rhone  Valley.  To  the  west  of  this  is  a  great 
anticlinal  line,  which  represents  an  old  pre-Carboniferous 
mountain  range.  Beyond  this  comes  an  external  band 
of  Carboniferous  rocks,  which  were  deposited  in  another 
synclinal. 

In  the  Permian  we  get  the  same  arrangement  repeated  • 
two  bands  of  Permian  rocks  deposited  in  synclinals  and 
separated  by  a  great  anticlinal.  With  the  Trias  this 
arrangement  is  repeated  again. 

In  the  next  system,  however,  there  is  a  change,  for  the 
whole  of  the  zone  of  the  Brianconnais  was  then  raised  as 
a  great  anticlinal.  The  summit  was  above  the  sea  level, 
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while  shore  deposits  were  formed  upon  its  flanks.  Farther 
away  from  the  ridge  deposits  were  laid  down  on  either 
side  in  much  deeper  water.  To  the  west  occurred  the 
“  Lias  a  facies  dauphinois,”  and  to  the  east  the  “  schistes 
lustres,”  which,  he  says,  we  now  know  to  be  “really 
Mesozoic”.  Exactly  the  same  condition  of  things  occurred 
in  the  Prealpes,  where  Lias  was  being  deposited  on  either 
side  of  a  land  area.  In  the  Middle  Jurassic  part  of  the 
Zone  du  Brianconnais  was  still  above  water.  In  the 
Upper  Jurassic  the  Prealpes  became  wholly  submerged. 

With  the  Cretaceous  we  get  a  repetition  of  similar 
conditions  over  the  same  areas.  Thus  where  in  the 
Jurassics  we  had  massive  limestones,  these  occur  again  in 
the  Neocomian.  Thus  Haug  contends  that  the  main 
characteristic  of  the  geology  of  this  area  is  the  repetition 
of  beds  of  the  same  lithological  character  on  the  same  site 
at  different  geological  periods,  as  in  the  Lias,  Dogger  and 
Neocomian. 

He  says  at  different  times  wTe  should  have  had  the 
same  variations  along  a  line  across  this  region  at  right 
angles  to  the  zones.  Starting  from  what  is  now  the  plain 
of  Northern  Switzerland  and  going  southward,  we  should 
have  found  first  a  shallow-water  sea  ;  this  would  deepen 
southward  until  somewhat  “oozy”  deposits  were  laid  dowm. 
Then  on  the  summit  and  flanks  of  the  Prealpes  we  should 
have  found  shore  deposits  being  formed,  and  then  a  re¬ 
petition  of  the  deep-water  beds  in  w7hat  is  now  the  Rhone 
Valley.  These  again  passed  into  the  littoral  deposits  on 
the  shore  of  the  Limestone  Alps. 

Haug  therefore  concludes  that  the  resemblance  between 
the  beds  of  the  Prealpes  and  those  of  the  Brianconnais  is 
due  to  the  identity  of  the  conditions  under  which  they 
were  formed,  and  is  no  proof  of  an  original  connection 
between  them,  or  ol  the  Prealpes  being  part  of  an  over¬ 
thrust  from  the  zone  of  the  Brianconnais.  He  maintains 
that  the  fact  of  the  Upper  Cretaceous  beds  of  the  former 
being  unrepresented  in  the  latter  is  a  sufficient  disproof 
of  Schardt’s  hypothesis.  Moreover,  the  Eocenes  occur 
upon  members  of  the  pre-  Liassic  series  in  the  Prealpes  in 
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a  way  that  shows  that  the  latter  were  then  an  old  land 
ridpfe. 

o 

M.  Hang  therefore  accepts  the  Western  Alps  as 
supplying  a  proof  of  Bertrand’s  law.  He  maintains  that 
the  main  structural  lines  were  determined  before  the 
d  ertiary  by  certain  lines  of  weakness,  along  which  all  the 
later  folds  have  been  moulded. 

This  paper  is  one  of  great  interest.  Its  conclusions 
in  no  way  depend  on  the  truth  of  Bertrand’s  law,  though 
this  helps  in  their  expression.  It  certainly  appears  to  offer 
a  simpler  explanation  of  the  anomalous  character  of  the 
Prealpes  than  that  of  Schardt’s  overthrusts  and  overfolds. 

II.— THE  GNEISSES  AND  SCHISTS  OF  THE  WESTERN  ALPS. 

A  more  important  and  difficult  question  is  that  of  the 
age  of  the  beds  of  schists  and  gneisses  which  play  so  large 
a  part  in  the  composition  of  the  more  famous  Alpine  peaks. 
Upon  this  subject  there  have  long  been  contending  theories. 
There  is  that  of  most  of  the  Swiss  geologists,  who  contend 
that  many  of  the  schists  are  altered  rocks  of  various 
periods,  ranging  from  the  Carboniferous  to  the  Jurassic. 
In  opposition  to  this  is  the  thepry  that  they  are  all  of 
Archean  age  ;  that  there  is  a  threefold  sequence  of  ancient 
gneisses,  lower  and  coarser  schists,  and  upper  and  finer 
schists.  The  former  is  the  view  adopted  by  the  Swiss 
geologists,  such  as  Heim,  Schardt,  Grubenmann,  etc.;  the 
latter  is  that  of  most  of  the  Italian  geologists,  though  its 
most  active  champion  is  Professor  Bonney. 

The  subject  of  the  relations  of  these  gneisses  and 
schists  has  been  attacked  from  different  sides  during  the 
past  year. 

Phe  first  paper  to  be  noticed  is  one  by  Professor 
Bonney  (5),  in  which  he  reaffirms  the  conclusions  advanced 
in  his  previous  paper  “  On  the  Crystalline  Schists  and  their 
Relation  to  the  Mesozoic  Rocks  in  the  Lepontine  Alps,”1 
and  replies  to  the  criticisms  of  Heim  and  Stapff  upon  it. 

1  Quart.  lour?i.  Geo/.  Soc .,  vol.  xlvi.,  pp.  187-240,  1890. 
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The  paper  deals  with  two  different  areas — Altkircke  on  the 
north  of  the  St.  Gothard  Pass,  and  the  Val  Canaria  and 
Val  Bedretto  to  the  south  of  it.  The  southern  area  is  the 
more  easily  disposed  of.  It  is  described  as  affording 
further  evidence  of  the  truth  of  Professor  Bonney’s  view, 
that  the  Swiss  geologists  have  confused  a  set  of  Mesozoic 
phyllites  with  a  series  of  Archean  schists.  They  therefore 
maintain  the  Mesozoic  age  of  the  latter  rocks.  It  will 
simplify  the  question  to  leave  the  age  of  the  schists  un¬ 
certain  ;  for  to  call  them  Archean  introduces  a  theoretical 
view  which  must  be  settled  on  general  probabilities,  and 
cannot  be  definitely  decided  in  the  field  in  this  area.  But 
with  this  reservation  it  is  difficult  to  compare  the  arguments 
used  by  Professor  Bonney  in  his  “  Lepontine  ”  paper  and 
Professor  Heim’s  criticisms  without  feeling  that  the  con¬ 
clusions  against  which  the  former  contended  cannot  be 
accepted  without  much  fresh  evidence  in  their  favour. 
Professor  Bonney  now  further  supports  his  position,  which 
Professor  Heim’s  criticism  has  really  only  strengthened.  He 
shows  (i)  that  the  dark-mica  schist  and  black-garnet  schist 
of  the  south  side  of  the  Val  Bedretto  are  the  same  beds  as 
those  of  the  north  side  of  this  valley  ;  (2)  that  these  can  be 
shown  on  the  ground  t0  be  continuous  with  the  disthene 
schists  of  Nufenen  ;  (3)  that  as  the  Triassic  rocks  contain 
fragments  of  the  three  rocks  (dark-mica,  calc-mica  and 
disthene  schists)  with  which  the  garnet  schists  are  inter- 
stratified,  these  cannot  be  of  Jurassic,  but  must  be  of  pre- 
Triassic  age.  Their  exact  age  cannot  be  definitely  decided. 
But  it  must  be  admitted  that  Professor  Bonney  has  proved 
that  they  are  older  than  the  oldest  fossiliferous  rocks  in  the 
district. 

With  the  other  part  of  Professor  Bonney’s  paper  the 
evidence  is  less  satisfactory.  The  Altkircke  marble  occurs 
in  a  series  of  Jurassic  phyllites,  and  it  is  claimed  by  the 
Swiss  geologists  to  be,  therefore,  also  Jurassic.  Professor 
Bonney,  however,  contends  that  it  belongs  to  a  much  older 
period.  He  describes  the  occurrence  of  several  outcrops 
of  this  marble  in  the  Jurassics,  and  Dr.  Stapff  states  that 
there  are  many  more.  The  evidence  is  admitted  by  Pro- 
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fessor  Bonney  to  be  very  indecisive.  He  objects  that  the 
marble  cannot  be  Jurassic,  as  its  lithological  characters 
prove  that  it  belongs  to  the  series  of  the  “  upper  crystalline 
schists”.  He  therefore  has  to  explain  the  way  in  which  a 
part  of  the  schistose  series  has  been  interstratihed  with  the 
Jurassics;  this  he  does  by  assuming  that  wedges  of  the 
older  rocks  have  been  thrust  up  into  the  newer  ones. 
Cases  of  this  sort  of  earth  movement  are  now  well  known 
in  the  Belgian  coal-fields,  so  there  is  nothing  impossible  in 
the  explanation.  But  Professor  Bonney  admits  that  at 
Altkircke  the  wedges  “must  be  unusually  long  and  thin” 
(p.  291),  for  they  are  seen  in  the  tunnel  more  than  1000 
feet  below  the  surface,  as  well  as  upon  it.  He  admits  also 
that  “the  general  coincidence  in  strike  between  the  marble 
and  the  Jurassic  rocks  is  singular”  (p.  29 7),  and  that  “the 
stratigraphical  evidence  seems  at  first  sight  favourable  to 
regarding  the  marble  as  merely  a  peculiar  member  of  the 
group  of  Jurassic  rocks”  (p.  286). 

The  perusal  of  this  part  of  the  paper  does  not  carry  the 
same  conviction  as  does  that  of  the  description  of  the 
supposed  Jurassic  schists  to  the  south  of  the  St.  Gothard. 
When  we  remember  the  readiness  with  which  carbonate  of 
lime  undergoes  crystallisation^  it  appears  quite  probable 
that  in  the  rolling  out  of  some  beds  of  shales  containing- 
lenticular  masses  of  limestone  the  latter  should  be  rendered 
completely  saccharoidal,  while  the  shales  have  only  passed 
into  phyllites.  When  therefore  we  hear  from  Stapff  that 
there  are  many  beds  of  this  marble  along  the  line  described 
by  Professor  Bonney,  and  that  these  are  always  inter- 
stratified  with  the  Jurassics,  it  seems  not  impossible  that 
they  may  ultimately  prove  to  be  part  of  this  series. 

I  he  question  is,  however,  comparatively  a  matter  of 
detail.  Even  if  the  Altkircke  marble  prove  to  be  Jurassic, 
it  does  not  prove  the  occurrence  of  Jurassic  schists,  and 
does  not  invalidate  the  truth  ol  Professor  Bonney  s  main 
contention. 

The  second  contribution  to  this  series  is  the  most 
remarkable  of  all  the  papers  on  the  Western  Alps  that 
have  appeared  during  the  year.  It  consists  of  two  papers 
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by  M.  Bertrand,  which  at  once  arrest  attention  by  their 
reactionary  conclusions  (6).  They  deal  with  a  region  of 
the  Alps  not  much  visited  by  tourists  at  the  present  day, 
though  it  was  once  familiar,  as  it  was  traversed  by  the  old 

O 

coach  road  across  the  Pass  of  Mount  Cenis.  It  may  there¬ 
fore  be  as  well  to  point  out  that  the  area  described  is 
situated  on  the  frontier  between  France  and  Italy,  and 
extends  from  the  southern  end  of  the  Mont  Blanc  massif 
on  the  north  to  the  famous  Pass  of  Mount  Genevre  a  little 
to  the  south  of  the  Mount  Cenis  tunnel.  It  therefore 
includes  the  northern  part  of  the  Cottian  Alps,  the  western 
part  of  the  Graians,  and  the  eastern  section  of  the  Alps  of 
South  Savoy.  Diagrammatically  the  area  may  be  de¬ 
scribed  as  consisting  of  three  zones  concentric  to  one 
another  from  a  point  somewhere  near  Turin.  The  outer  or 
western  zone  is  part  of  the  zone  of  Mont  Blanc  ;  the  inner 
or  eastern  zone  belongs  to  that  of  Monte  Rosa  ;  while  the 
middle  one  is  the  typical  area  of  the  zone  of  the  Brian- 
^onnais.  The  last  is  composed  of  fossiliferous  sedimentary 
rocks  of  Carboniferous,  Triassic,  Jurassic  and  probably  also 
of  Cretaceous  age.  The  two  outer  zones  are  composed  of 
unfossiliferous  rocks,  either  igneous  masses  or  altered 
schists.  In  the  western  zone  there  are  the  three  gneiss- 
ose  massifs  of  the  Pelvoux,  the  Grandes  Rousses,  and  the 
Belledonne  with  their  associated  schists.  The  eastern  zone 
consists  in  the  main  of  a  vast  expanse  of  schists  with 
several  gneiss  massifs,  such  as  that  of  Monte  Paradiso  and 
those  recently  named  the  Waldensian  gneisses. 

When  this  area  was  first  systematically  described  by 
Fournet  in  his  elaborate  “  Memoire  sur  la  Geologie 
de  la  parte  des  Alpes  entre  le  Valais  et  1  Oisans, 
issued  between  1841  and  1849,  the  schists  of  the 
eastern  area  were  claimed  to  be  representatives  of  the 
Jurassic  rocks  of  the  central  zone,  altered  by  some 
metamorphic  agency.  The  age  was  thrown  back  to 
the  Trias  by  Professor  Lory,  whose  monograph,  the 

1  Ann.  Soc.  Roy.  Agric.  Lyon ,  ser.  1,  vol.  iv.,  pp.  105-183,  1841  ;  vol. 
ix.,  pp.  1-112,  1846;  and  ser.  2,  vol.  i.,  pp.  185-269,  1849- 
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“  Description  geologique  du  Dauphine  ”  (1861-1864),  still 
ranks  as  one  of  the  most  important  works  on  Alpine 
geology.  For  many  years,  under  the  influence  of  Lory’s 
teaching,  this  view  was  almost  universally  accepted.  Those 
who,  like  Gastaldi,  rejected  it  were  actuated  mainly  by 
theoretical  considerations.  In  1887  and  1889  two  protests 
against  this  view  were  made  after  a  careful  examination  of 
typical  sections  across  the  Cottian  Alps.  These  were 
issued  by  Signor  Zaccagna  and  Professor  Bonney.  They 
showed  that  the  schists  underlay  the  Triassic  rocks  uncon- 
formably,  and  must  therefore  be  pre-Triassic.  They  regard 
them  as  very  much  older  than  the  Trias,  and  assign  them 
to  the  Archean.  Their  evidence  seemed  incontrovertible, 
and  has  been  supported,  at  least  in  affirming  the  pre- 
Triassic  age  of  the  schists,  by  Mr.  A.  M.  Davies  and  the 
present  writer. 

Now,  however,  M.  Bertrand,  who  had  previously  an¬ 
nounced  that  Lory’s  view  must  be  abandoned,  has  gone 
back  to  the  old  idea  of  the  Triassic  age  of  the  schists,  and 
especially  of  that  part  of  them  known  as  the  “schistes  lustres”. 
The  reasons  for  this  reactionary  step  are  stated  in  two 
papers,  which  are  issued  together  as  “  Etudes  dans  les 
Alpes  Francaises”.  The  first  describes  the  arraneement 
of  the  main  structural  lines  in  the  country  and  , their  relation 
to  the  great  igneous  masses,  and  the  metamorphism 
which  the  rocks  have  undergone.  The  second  describes 
the  “  Schistes  lustres  de  la  zone  Centrale,”  and  discusses 
their  age.  It  is  really  the  latter  subject  that  is  the  more 
important,  and  the  one  which  may  be  the  more  easily 
settled. 

Bonney  and  Zaccagna  have  shown  that  in  some  places 
the  “schistes  lustres”  are  unconformably  overlain  by  the 
basal  beds  of  the  d  rias,  or  even  Permian.  The  former 
author  has  given  a  section  of  the  Pass  of  Mount  Genevre, 
the  accuracy  of  the  facts  in  which  M.  Bertrand  does  not 
question.  It  appears  as  if  this  one  section  is  quite  sufficient 
to  settle  the  relative  age  of  the  two  series.  Bertrand, 
however,  denies  this,  and  says  we  must  rest  our  conclusion 
on  the  general  evidence  of  all  the  sections  in  the  district. 
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He  says  that  elsewhere  the  structure  of  the  country  can 
best  be  explained  by  the  hypothesis  of  the  Triassic  age  of 
the  “  schistes  lustres,”  and  that  we  must  therefore  adopt 
some  other  explanation  of  this  superposition.  He  himself 
describes  a  section  at  the  Col  d’Etache  in  which  the 
“  schistes  lustres”  appear  to  be  older  than  the  Trias, 
though  they  there  occur  above  it  owing  to  an  overfold. 
Bertrand  at  first  thought  this  was  so  conclusive  that  he 
felt  bound  to  believe  that  two  beds  of  very  different  ages 
had  been  confused  together  as  the  “  schistes  lustres  But 
on  re-examination  of  the  ground  he  finds  that  the  sequence 
of  rocks  there  may  be  explained  by  the  assumption  of  some 
very  complex  folds.  He  does  not  offer  any  explanation  of 
the  Mount  Genevre  section,  but  dismisses  it  (p.  153)  with 
the  suggestion  that  some  similar  arrangement  will  explain 
the  superposition  of  the  Trias  on  the  schists. 

M.  Bertrand  admits  that  the  Col  d’Etache  section  is 
“  une  serieuse  difficult^  ”  (p.  150),  and  that  his  explanation 
is  “  n’est  encore  qu’une  induction  ”  (p.  152).  He  certainly 
introduces  a  complex  hypothesis  in  order  to  bring  a  com¬ 
paratively  simple  section  into  harmony  with  his  theory,  and 
this  does  not  incline  one  to  regard  it  with  favour.  He 
admits  that  sections  of  Mount  Genevre  and  the  Col 
d’Etache  give  no  support  to  his  view  of  the  age  of  the 
“  schistes  lustres”;  he  only  maintains  that  they  can,  with 
sufficient  ingenuity,  be  reconciled  with  it.  His  case  rests 
mainly  on  his  description  of  the  northern  part  of  the 
country.  Mount  Jovet  and  the  Grande-Sassiere  are  his 
favourite  illustrations.  He  represents  these  as  being  syn¬ 
clinal  mountains  in  which  the  highest  bed  is  also  the 
newest  ;  for  the  rocks  which  are  seen  on  the  lower  slopes 
he  thinks  pass  under  the  summit,  and  are  continuous  from 
flank  to  flank.  The  central  summit  of  Mount  Jovet  is  a 
typical  “schist  elustrb  ” ;  on  the  slopes  there  are  Triassic 
rocks.  These  M.  Bertrand  maintains  are  part  of  a  sheet 
which  lies  underneath  the  “  schistes  lustres,”  and  are  there¬ 
fore  older  than  these.  In  the  Grande-Sassiere  he  declares 
that  this  is  shown  with  diagrammatic  clearness.  If  the 
facts  are  as  M.  Bertrand  represents  them,  then  the  “schistes 
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lustres”  of  Mount  Jovet  must  be  either  Triassic  or  post- 
Triassic.  The  mountain,  however,  has  also  been  described 
by  Zaccagna  (7),  according  to  whom  the  structure  of  the 
mountain  is  totally  different.  He  agrees  that  the  summit 
is  of  “  schistes  lustres,”  and  the  lower  slopes  of  Trias. 
But  he  says  that  the  former  is  a  great  central  mass,  and 
that  the  Trias  was  deposited  against  its  flanks.  He  is  as 
positive  that  the  “schistes  lustres”  are  older  than  the 
Trias  as  M.  Bertrand  is  of  the  reverse. 

These  two  mountains  therefore  supply  a  crucial  test, 
and  it  is  to  be  hoped  that  they  will  be  redescribed  by  some 
independent  geologist.  For  while  these  two  authors  are  in 
such  absolute  contradiction  as  to  the  fundamental  facts  of  the 
question,  it  is  impossible  for  any  one  to  form  an  opinion 
without  an  actual  examination  of  the  country. 

In  addition  to  his  interpretation  of  the  structure  of  these 
mountains,  M.  Bertrand  rests  his  case  on  the  evidence  of  the 
general  structure  of  the  region.  He  regards  the  Alpine  chain 
in  this  part  of  its  course  as  formed  of  a  great  arch,  of  which 
the  sides  have  been  so  closely  driven  inwards  that  the  sum¬ 
mit  of  the  arch  became  wider  than  the  base,  and  the  two 
limbs  were  inverted.  The  arch  is  therefore  regarded  as  a 
typical  Alpine  fan.  The  central  line  of  the  Alps  Bertrand 
thinks  is  occupied  by  a  band  of  Carboniferous  deposits, 
which  lie  along  the  axis  of  this  fan-shaped  fold.  The  beds 
beside  it  are  inverted,  but  those  at  a  little  distance  are 
inclined  outwards,  and  occur  in  their  normal  sequence. 
This  “  fan  structure  ”  was  at  one  time  continually  invoked 
in  order  to  explain  away  awkward  facts  in  Alpine  geology. 
But  recent  work  has  overthrown  some  of  the  most  classical 
cases  of  this  phenomenon,  and  one  feels  very  inclined  to 
look  suspiciously  on  any  attempt  to  resuscitate  it.  M. 
Bertrand  makes  one  variation  in  the  theory,  which  helps 
him  to  apply  it,  but  may  not  help  others  to  accept  it.  He 
regards  the  central  gneisses  and  some  of  the  other  massifs 
of  the  area  as  amygdaloid  lenticles  or  nuclei,  wedged  in 
between  the  main  folds  of  the  district.  Thus,  eg.,  in  the 
case  of  Mont  Blanc,  he  represents  it  as  an  anticlinal 
nucleus  cropping  out  on  the  axis  of  a  synclinal  fold.  This 
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view  helps  in  explaining  the  relations  of  the  main  gneiss 
massifs  to  the  structural  lines  in  the  district,  which  the 
theory  that  these  rocks  are  the  oldest  of  the  series  leaves 
quite  unexplained. 

The  whole  of  the  first  part  of  M.  Bertrand’s  paper  is 
devoted  to  the  exposition  of  the  “fan  theory,”  for  upon  it 
he  rests  his  belief  of  the  Mesozoic  age  of  the  “schistes 
lustres”.  For  only  thus  can  he  maintain  that  these  schists 
are  the  eastern  representative  of  the  beds  which  farther 
west  are  not  schistose.  He  accepts  a  statement  which  M. 
Termier  has  called  a  “general  law,”  that  “to  the  east  of 
the  Carboniferous  band  the  metamorphism  goes  on  in¬ 
creasing  from  west  to  east  ”.  So  while  to  the  west  of  the 
Carboniferous  the  Mesozoic  rocks  are  unaltered,  to  the  east 
he  maintains  that  they  soon  become  altered  into  the  “schistes 
lustres”.  He  declares  that  in  many  places  a  complete 
transition  can  be  traced  from  the  Carboniferous  and  Trias 
to  the  schists  ;  that  there  is  an  interstratification  of  the 
schists  and  the  Triassic  beds  ;  and  that  we  get  pockets  of 
the  Carboniferous  sandstone  with  traces  of  anthracite  im¬ 
bedded  in  the  schists.  He  maintains  that  the  “  schistes 
lustres  ”  are  therefore  Triassic.  He  urges  that  for  some 
reason  the  beds  on  the  eastern  side  of  the  fold  were  in¬ 
tensely  altered,  so  that  their  original  characters  and  fossils 
have  been  obliterated,  and  the  beds  turned  into  schists. 
In  some  places  this  metamorphism  has  gone  a  stage  further 
and  turned  the  beds  that  occurred  beneath  those  now 
altered  into  schists,  into  the  coarse  gneisses  such  as  those 
of  the  Paradiso. 

M.  Bertrand’s  paper  is  not  an  easy  one  to  condense  or 
to  criticise.  It  introduces  complexity  in  places  where 
simple  explanations  previously  sufficed ;  it  flatly  contra¬ 
dicts  the  facts  reported  by  recent  workers,  such  as 
Zaccagna  and  Bonney ;  it  is  based  on  theories  of  mountain 
structure  now  discredited  ;  it  returns  to  the  views  of  fifty 
years  ago,  and  ignores  indispensable  methods  of  research. 
The  theory  depends  on  two  facts:  first,  the  gradual  passage 
from  unaltered  sediments  to  altered  schists,  especially  to 
the  east  of  the  Italian  frontier  ;  second,  the  inters tratifica- 
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tion  of  true  schists  and  Triassic  limestones.  M.  Bertrands 
arguments  do  not,  however,  carry  conviction  on  either 
point.  The  fact  that  in  several  sections  the  schists  occur 
in  immediate  contact  with  the  Trias  (as  shown  by  Bonney, 
Diener,  Cole,  Davies  and  the  writer)  and  that  the  two 
then  show  no  approximation  in  characters  is  opposed  to 
the  former;  while  the  fact  that  M.  Bertrand  makes  no  effort 
to  employ  petrographical  methods  shakes  one’s  faith  in 
his  identification  of  the  last.  It  is  no  use  criticisincr  M. 
Bertrand’s  views  without  an  examination  of  his  principal 
sections  on  the  ground.  For  he  admits  that  the  best 
known  sections  in  which  the  facts  are  beyond  dispute 
present  serious  difficulties  to  his  hypothesis.  He  evades 
these,  however,  by  stating  that  sections  which  are  not  so  well 
known  are  so  absolutely  conclusive  as  to  the  truth  of  his 
views  that  we  must  dismiss  the  others  as  exceptional  and 
misleading. 

Another  long  memoir  describing  exactly  the  same 
district  has  been  issued  by  Signor  Zaccagna  (7).  It  is 
illustrated  by  a  map  covering  almost  the  same  area  and 
on  a  scale  of  a  third  larger  than  that  of  M.  Bertrand’s,  and 
also  by  a  series  of  sections  which  run  along  much  the  same 
lines.  The  facts  shown  on  the  maps  and  the  conclusions  ex¬ 
pressed  in  the  memoirs  are  almost  as  different  as  they  can  be. 
Whereas  M.  Bertrand  denies  that  there  are  any  rocks  in 
the  district  older  than  the  Permo-Carboniferous,  Signor 
Zaccagna  represents  more  than  half  of  it  as  Precambrian. 
According  to  the  former  the  central  coarse-grained  gneiss 
ol  the  Paradiso  is  an  altered  Carboniferous  sediment ;  the 
latter  makes  it  the  oldest  member  of  the  Archean.  Where¬ 
as  the  former  regards  the  “  schistes  lustres”  as  altered 
I  rias,  the  latter  refers  it  to  the  upper  member  of  the 
Archean.  Signor  Zaccagna  therefore  reaffirms  for  the 
Central  Grains  the  conclusions  announced  for  the  Western 
Alps  in  general  by  himself  and  Professor  Bonney. 

Zaccagna’s  work  appears  to  be  a  careful  and  detailed 
piece  of  field-work.  The  map  is  of  course  only  a  small 
scale  sketch,  and  the  sections  appear  in  places  to  be  only 
diagrammatic.  We  should  be  inclined  to  dispute  the 
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accuracy  of  details,  but  that  the  main  sequence  in  the  area 
occurs  in  the  order  in  which  Zaccagna  shows  it  we  do  not 
feel  inclined  to  doubt.  On  the  main  question  as  to  the  age 
of  the  “schistes  lustres,”  or  “calcescisti”  as  he  calls  them,  his 
opinion  is  very  decided.  He  divides  the  Archean  into 
three  zones  :  the  lowest  or  central  gneisses,  the  middle  or 
mica-schists,  and  the  upper  or  calc -schists.  The  two 
latter  were  referred  by  Lory  and  Favre  to  the  Trias,  but 
Zaccagna  is  positive  that  they  cannot  be  referred  to  any 
part  even  of  the  Palaeozoic.  He  says  :  “  It  is  not  therefore 
possible  to  admit  the  idea  of  referring  the  calc-schists  to 
the  Palaeozoic,  more  or  less  ancient,  as  there  is  a  tendency 
to  do  among  some  modern  authors,  Carez  and  Vasseur, 
Kilian  and  Termier”.  He  maintains  that  the  calc-schists 
are  so  intimately  associated  with  the  mica-schists,  and  the 
series  of  “  pietre  verdi”  or  “  greenstones  ”  which  occur  in 
them,  that  they  cannot  be  separated.  He  says,  therefore, 
that  if  the  calc-schists  are  assigned  to  the  Palaeozoic,  so 
also  must  be  “  all  the  other  rocks  which  extend,  alter¬ 
nating  with  the  calc-schists,  even  to  the  contact  with  the 
central  gneiss 

That  two  authors,  studying  the  same  country,  traversing 
the  same  sections,  and  often  going  together  over  critical 
areas,  could  have  arrived  at  such  fundamentally  different 
conclusions  is  rather  surprising.  Fortunately,  they  both  of 
them  rest  their  arguments  on  the  same  sections,  so  that  the 
ground  is  prepared  for  an  independent  survey.  Thus 
Mount  Jovet,  in  the  valley  of  the  I  sere,  has  been  selected 
by  both  authors  as  a  test  case.  According  to  Zaccagna,  it 
is  an  island  of  Upper  Archean  schists  rising  up  through 
the  Triassic  rocks,  which  were  deposited  against  its  flanks  ; 
while,  as  we  have  previously  seen,  Bertrand  regards  these 
schists  as  Liassic  limestones  resting  on  a  fan-shaped  fold  of 
Triassic  and  Carboniferous  rocks,  though  he  admits  (6,  p. 
99)  that  “  ce  froissement  extreme  des  assises  horizontales 
du  sommet  de  l’eventail  est  assez  difficile  a  expliquer”.  It 
is  difficult  to  compare  Zaccagna’s  sketch  of  the  structure  of 
Mount  Jovet  (pp.  229-232)  with  that  of  Bertrand  without 

becoming  prejudiced  in  favour  of  the  former. 
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In  Zaccagna’s  paper  we  also  have  to  regret  the  absence 
of  more  detailed  petrographical  descriptions  of  the  rocks, 
and  especially  of  those  assigned  to  the  Permian.  Into  the 
general  question  of  the  sedimentary  sequence  described  by 
this  author  we  need  not  follow  him,  except  in  two  points. 
He  remarks  that  he  assigns  to  the  Trias  “  all  the  compact 
and  brecciated  limestones,  .  .  .  which  Lory  in  his  map  con¬ 
sidered  as  the  Alpine  type  of  his  Etas  compacte,  or  Lower 
Lias,  and  grouped  under  the  name  of  the  ‘  Calcaire  du 
Brianconnais  '  ”.  Further,  he  believes  that  a  break  occurred 
in  the  deposition  of  beds  between  the  Trias  and  the 
Jurassic.  The  latter  of  these  points  appears  to  be  estab¬ 
lished  by  the  author,  but  in  the  former  he  probably  goes  to 
an  extreme. 

A  third  paper  (8)  issued  last  year  also  deals  with  the 
main  problem  considered  by  Zaccagna  and  Bertrand,  viz., 
the  age  and  relations  of  the  three  members  of  the  schist 
series.  It  announces  conclusions  totally  different  from 
those  of  these  two  authors.  The  paper  describes  the 
country  to  the  south  and  south-east  of  that  considered  by 
them,  with  the  exception  of  a  branch  excursion  to  the 
Paradiso.  This  author  has  concentrated  his  attention  on 
the  “central  or  basal  gneisses”. 

These  had  been  represented  as  a  continuous  line 
running  from  north  to  south,  parallel  to  the  main  chain, 
and  as  being  the  oldest  rocks  in  the  Alps.  The  author, 
however,  now  maintains  that  they  are  nothing  of  the  sort ; 
that  they  are  a  series  of  isolated  independent  masses,  and 
occur  at  no  one  fixed  horizon  in  the  series  ;  that  instead  of 
being  altered  sediments  lying  at  the  base  of  the  series,  they 
are  igneous  rocks  intruded  into  the  schists.  The  evidence 
adduced  in  support  of  this  rather  startling  change  of  view 
is  of  six  kinds.  If  the  gneisses  had  been  the  oldest  rocks, 
and  the  others  had  been  deposited  upon  them,  we  should 
expect  to  find  fragments  of  the  gneiss  in  the  beds  above 
them.  Gritty  and  pebbly  beds  occur  in  the  overlying 
schists,  but  there  is  among  them  no  trace  of  materials 
derived  from  the  gneiss.  On  the  contrary,  there  occur  in 
the  gneiss  near  its  margin  included  fragments  of  the  over- 
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lying  schists,  which  have  been  caught  up  and  altered  at 
the  time  of  the  intrusion  of  the  gneiss.  In  many  places 
the  gneiss  at  the  margin  is  saturated  with  chloritic  and 
amphibolic  material  caught  up  from  the  schists  by  the 
intrusive  rock.  In  addition  to  this  “endomorphic”  altera¬ 
tion  of  the  gneiss,  there  is  a  well-marked  “  exomorphic  ” 
alteration  produced  in  the  beds  into  which  it  has  been 
intruded  ;  among  others  the  following  minerals  have  been 
developed  by  this  contact  metamorphism  :  quartz,  white 
mica,  biotite,  orthoclase,  microcline,  oligoclase,  garnets, 
kyanite,  epidote,  zoisite  and  sphene.  The  extent  to  which 
the  beds  have  been  altered  varies  enormously  ;  sometimes, 
when  the  intrusive  rock  was  small  in  bulk,  it  has  only 
affected  a  few  inches  on  either  side  ;  at  other  times  the 
rocks  have  been  intensely  altered  for  fifty  feet  from  the 
contact.  A  second  line  of  evidence  is  offered  by  the 
occurrence  of  apophyses  or  dykes  which  run  from  the  main 
mass  of  gneiss  into  the  schists.  The  best  case  described 
occurs  in  the  Angrogna  Valley,  a  few  miles  from  the  town 
of  Torre  Pellice  ;  it  is  illustrated  by  a  photograph  which 
shows  the  white  veins  of  the  aplite,  ramifying  through 
darker  -  coloured  beds  belonging  to  the  schist  series. 
Similar  cases  of  the  same  sort  occur  in  the  Pellice  Valley, 
in  the  Valley  of  the  Po  near  Crissolo,  etc.  A  third  proof 
of  the  intrusive  character  of  the  schists  is  afforded  by  the 
mapping  of  the  contact  lines,  for  there  is  a  transgressive 
junction  between  the  gneisses  and  the  schists. 

Another  very  striking  point  is  the  fact  that  none  of  the 
old  igneous  rocks  that  cut  through  the  schists  enter  the 
eneisses.  Both  the  calc-schists  and  mica-schists  contain 
many  beds  of  greenstone,  which  no  doubt  represent  altered 
igneous  rocks,  some  of  which  were  certainly  intrusive. 
These  occur  in  such  abundance  in  the  schists  that  these 
are  called  the  “  pietre  verdi”  series.1  These  greenstones 
are  amphibolites  and  serpentines,  and  they  run  through  the 

1  It  should  be  remembered  that  the  name  “pietre  verdi”  is  used  not 
only  for  the  greenstones  themselves,  but  also  for  the  series  of  schists  in 
which  these  rocks  are  most  abundant. 
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schists  right  up  to  the  gneiss.  They,  however,  never 
enter  it.  Their  complete  absence  from  the  “  basal 
gneisses”  is  a  fact  that  has  long  been  known  to  Italian 
geologists,  and  has  been  used  as  a  test  point  in  the 
separation  of  the  newer  and  older  gneisses ;  Gastaldi, 
indeed,  used  it  as  a  proof  that  these  “greenstones”  could 
not  be  igneous,  but  must  be  bedded  sediments  of  a  type 
peculiar  to  the  time  of  the  “  pietre  verdi  ”  series.  He  says 
that  if  they  were  intrusive  they  must  somewhere  have 
cut  the  basal  gneiss.  And  it  seems  impossible  to  give  any 
other  reply  to  this  argument  except  that  the  basal  gneiss 
is  newer,  and  not  older,  than  the  schists.  A  final  proof  is 
afforded  by  the  fact  that  the  gneiss  is  remarkably  fresh  in 
character,  and  has  not  been  affected  by  the  earth-move¬ 
ments  which  have  crushed  and  crumpled  the  schists  around 
them.  It  is  frequently  observed  that  beds  in  the  centre 
of  a  great  mass  of  rock  escape  alteration,  while  the  margins 
are  crushed  and  changed.  But  in  the  case  of  these  “  Wal- 
densian  gneisses  ”  thin  veins  of  aplite  are  quite  fresh  and 
uncrushed,  while  the  rocks  they  traverse  have  been  rolled 
out  into  schists. 

H  aving  thus  attempted  to  show  that  the  gneisses  were 
formed  later  than  the  schists,  instead  of  before  them,  the 
author  endeavours  to  decide  their  age.  This  is  a  difficult 
task,  and  rests  on  the  classification  of  the  earth-movements  in 
the  district,  and  on  the  age  assigned  to  the  “schistes  lustres”. 
To  take  the  latter  first,  the  author  is  unable  to  express  any 
very  positive  conclusion  upon  this  subject.  He  remarks 
that  they  “are  unquestionably  pre-Triassic,”  and  that  they 
are  probably  Palaeozoic.  He  rests  the  former  decision  on 
the  sections  at  Mount  Genevre,  where  the  schists  underlie 
the  basement  beds  of  the  Trias.  Moreover,  there  appears 
to  be  sufficient  evidence  elsewhere  to  show  that  the  schists 
are  pre- Carboniferous.  The  author  knows  of  no  evidence 
which  enables  the  date  to  be  fixed  more  definitely  than 
this.  They  may  be  of  any  age  before  the  Carboniferous. 
H  is  objection  to  throwing  them  back  into  the  Archean 
rests  on  the  recent  discovery  in  these  beds  of  some  cleaved 
radiolarian  muds.  The  fauna  in  this  is  very  imperfectly 
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known,  but  it  is  more  specialised  than  any  as  yet  known 
from  the  Ordovician  or  Silurian.  It  may  therefore  show 
that  the  schists  are  Devonian  ;  but  no  stress  can  be  laid 
upon  the  evidence  as  to  age  while  the  Palaeozoic  radiolaria 
are  as  imperfectly  known  as  they  are  at  present. 

Though,  therefore,  the  gneisses  are  later  than  the 
schists,  this  does  not  help  us  to  assign  any  definite  age  to 
them.  For  a  nearer  approximation  we  have  to  rely  on 
indirect  evidence,  and  notably  on  the.  relation  of  the 
gneisses  to  the  earth-movements  of  the  district,  and  the 
first  appearance  of  fragments  in  the  sedimentary  series. 
The  latter  only  shows  that  the  Waldensian  gneisses  are 
pre-Pleistocene,  while,  if  the  evidence  of  Dr.  Gianotti  can 
be  fully  relied  on,  the  Paradiso  gneiss  was  pre-Miocene.  The 
earth-movements,  however,  give  more  definite  conclusions. 
These  can  be  classified  into  six  series  ;  one  of  these  is 
known  to  be  Miocene,  and  the  Waldensian  gneisses  were 
intruded  later  than  this.  To  the  east  of  the  Cottian  area 
the  Pliocene  beds  have  been  upraised  to  the  height  of  over 
1500  feet,  so  that  great  earth-movements  in  this  area 
happened  in  the  Pliocene.  There  is,  however,  no  evidence 
to  show  to  what  extent  these  affected  the  line  along  which 
the  gneisses  occur.  The  intrusion  of  the  gneisses  may 
therefore  have  happened  either  in  the  Pliocene,  or  as  the 
last  of  the  series  of  earth -movements  which  occurred 
between  the  Middle  and  Upper  Miocene,  when  the  forces 
that  raised  the  Western  Alps  attained  their  maximum 
intensity.  The  author  therefore  concludes  that  instead  of 
the  so-called  “central  gneiss”  of  the  Cottians  being  the 
oldest  rock  in  the  district,  and  according  to  Gcstaldi 
possibly  the  oldest  in  Europe,  it  is,  with  the  exception 
of  the  Pliocene  and  the  drifts,  the  newest  rock  in  the 
Cottians. 

The  largest  work  issued  during  the  year  on  the  district 
is  a  monograph  by  M.  Termier  on  the  massif  of  the 
“  Grandes-Rousses  ”  (9).  This  group  is  situated  on  the 
north  side  of  the  well-known  pass  of  the  Col  du  Lauteret, 
opposite  the  principal  mountain  mass  in  France,  and  to  the 
east  of  the  town  of  Grenoble.  The  massif  consists  of  a 
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series  of  ridges  which  run  approximately  north  and  south. 
The  ridges  are  due  to  folds.  The  geological  structure  of 
the  massif  is  much  like  that  of  the  others  in  this  district. 
It  has  been  described  as  consisting  of  a  central  coarse 
gneiss  ;  then  a  zone  of  amphibolic  gneisses  ;  and  then  an 
upper  series  of  mica-schists.  These  are  referred  to  the 
Archean.  Above  this  is  a  great  gap,  and  the  series  of 
deposits  recommences  with  the  Carboniferous.  Triassic 
dolomites  and  Jurassic  limestones  complete  the  series. 

I  here  is  therefore  a  close  resemblance  between  the 
general  stratigraphy  and  that  of  the  ordinary  Cottian 
sequence,  and  when  we  come  to  details  the  resemblances 
are  increased,  and  there  are  facts  described  which  support 
the  views  of  the  last  paper.  Thus  the  supposed  central 
gneiss  is  described  in  one  case — the  “  Massif  des  Sept 
Laux  ” — as  an  eruptive  granulite.  Moreover,  the  coarser 
mica-schists  are  described  as  injected  with  granulite  veins. 
So  that  we  have  here  a  quite  independent  confirmation  of 
the  view  that  some  of  the  “central  gneisses”  of  the 
Western  Alps  are  intrusive  in  their  character. 

The  date  of  the  intrusions  is  left  undecided.  M. 
1  ermier  thinks  they  are  probably  of  different  ages  (p.  33). 

1  he  dolomites  seem  to  resemble  those  of  Monte  Chaberton, 
but  they  are  unfossiliferous ;  their  age  is  therefore  only  deter¬ 
mined  by  their  position  between  the  Carboniferous  and  the 
Lias. 

The  Carboniferous  rocks  are  of  interest  from  two 
points.  In  the  first  place,  they  contain  a  great  number  of 
beds  of  trachyte  (or  orthophyre,  as  it  is  of  course  called 
by  the  author).  The  site  of  the  volcanic  centres  through 
which  these  were  erupted  is  discussed  in  the  monograph. 
In  the  second  place,  the  metamorphism  of  the  Carboniferous 
beds  is  fully  considered.  On  p.  8  we  are  told  that  the  Car¬ 
boniferous  beds  are  in  places  very  difficult  to  distinguish 
from  the  Archean  schists.  M.  Termier  has,  however,  sub¬ 
jected  them  to  careful  examination  under  the  microscope, 
and  says  that  this  method  enables  them  to  be  distinguished 
at  once  (p.  43). 

I  he  last  chapter  in  the  work  discusses  the  folds  and 
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earth-movements  of  the  district,  which  M.  Termier  says 
gives  a  certain  support  to  Bertrand’s  theory  of  the  recurrence 
of  dislocations  on  the  same  lines.  Its  support,  however, 
is  very  qualified,  for  the  area  supplies  several  exceptions  to 
the  law.  It  appears,  however,  that  ridges  occurred  having 
the  same  trend  as  the  existing  ones  in  times  earlier  than 
any  of  the  fossiliferous  rocks  of  the  district.  The  view 
that  the  Alps  were  modern  in  their  development  was  once 
accepted.  The  Grandes-Rousses,  however,  supplies  only 
one  more  to  the  cases  which  show  that  the  Alps  date  back 
to  pre-Carboniferous  times. 

The  occurrence  of  intrusive  gneisses  in  the  Alps  is  not 
quite  new,  for  M.  Michel  Levy  has  shown  that  the  central 
mass  of  Mont  Blanc  is  not  a  Laurentian,  metamorphic 
gneiss,  but  an  intrusive  granite  which  acquired  a  foliation 
during  solidification.  This  intrusion,  however,  certainly 
happened  in  pre-Carboniferous  times.  This  view  has  been 
confirmed  by  MM.  Duparc  and  Mrazec  not  only  for  the 
main  mass  of  Mont  Blanc  (10),  but  also  for  its  northern 
outlier,  the  massif  of  Trient  (11).  The  centre  of  the  latter 
also  consists  of  a  protogine  gneiss  ;  on  the  flanks  of  this 
occur  mica-schists  and  amphibolites  which  are  injected  by 
veins  of  granulite.  The  amphibolites  offer  resistance  to 
the  process  of  injection,  so  that  the  granulite  is  far  more 
abundant  in  the  mica-schists.  A  plate  containing  two 
photographs  illustrates  very  clearly  the  different  types  of 
scenery  formed  by  the  two  sets  of  rocks,  contrasting  the 
massive  irregular  crags  of  the  eclogites  with  the  smooth 
slopes  of  the  mica-schists. 

Another  paper  (12),  published  in  the  Quarterly  Journal 
of  the  Geological  Society ,  deals  with  a  single  peak  in  the 
Cottians.  It  is  an  effort  to  establish  a  stratigraphical 
sequence  in  the  main  chain  of  the  Western  Cottians. 
Monte  Chaberton  is  a  fine  dolomite  mass  on  the  northern 
side  of  the  historic  pass  of  Mount  Genevre.  It  has  been 
familiar  in  geological  literature  since  1861,  when,  in  an 
excursion  of  the  Societe  Geologique  de  France,  some 
fossils  were  found  in  some  limestone  boulders  on  the  south¬ 
eastern  slopes.  A  further  collection  of  these  was  made  by 
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Michelotti,  and  was  described  by  him  in  1877.  The  fossils 
were  determined  as  of  Silurian  age,  and  the  schists  below 
the  limestones  were  therefore  assigned  to  the  Archean. 
1  he  late  Melchior  Neumayr  re-examined  Michelotti’s 
specimens,  which  are  now  in  the  Pisa  Museum,  and  deter¬ 
mined  them  as  Cretaceous.  The  fossils,  however,  had 
never  been  found  in  situ ,  and  it  was  therefore  very  doubt¬ 
ful  how  far  they  could  be  relied  on  in  determining  the  age 
of  the  Calcaire  du  Briangonnais,  of  which  this  Chaberton 
limestone  is  the  main  constituent.  There  were  six  distinct 
theories,  which  may  be  tabulated  as  follows  : — 


Age. 

Michelotti. 

Gastaldi. 

Lory. 

Zaccagna 

and 

Mattirolo. 

Kilian. 

Neumayr. 

Davies 

and 

Gregory. 

Cretaceous 
Upper  Jurassic 
Middle  ,, 
Lower  ,,  (Lias) 
Trias 

Permian 

Carboniferous 

Silurian 

— 

— 

— 

— 

— 

The  authors  of  the  present  paper  therefore  made  a 
further  search  and  found  not  only  better  fossils,  but  the 
exact  horizon  from  which  they  come.  The  fossils  con¬ 
firm  Neumayr’s  view  of  the  Cretaceous  age  of  the  fauna. 
The  authors,  however,  find  that  the  fossiliferous  limestone 
occurs  let  down  by  faults  into  the  dolomites,  and  is  there¬ 
fore  of  more  recent  age  than  these.  There  can  be  no 
doubt  that  the  dolomite  is  Triassic,  and  the  authors  there¬ 
fore  separate  from  it  the  coral  reefs  and  shelly  limestones 
under  the  name  of  the  Clos  des  Morts  Limestones. 

The  determination  of  the  age  of  these  limestones,  and 
the  occurrence  of  a  third  fossiliferous  zone  (the  radiolarian 
phthanite  of  Cesana)  at  a  lower  horizon  on  the  opposite 
side  of  the  Dora  Valley,  enables  a  more  definite  opinion  to 
be  expressed  as  to  the  age  of  the  igneous  rocks  of  the 
“  pietre  verdi”  series.  These  form  one  of  the  most  striking 
features  in  the  geology  of  the  Cottians.  They  are  doubt- 
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less  altered  basic  igneous  rocks,  but  their  age  seemed 
very  uncertain,  for  the  evidence  was  contradictory.  The 
authors  now  show  that  there  is  a  treble  series  of  basic 
igneous  rocks  in  this  district.  The  first  occurred  between 
the  periods  of  the  “  schistes  lustres”  and  the  Trias,  for  the 
rocks  are  intruded  through  the  former,  and  fragments  of  them 
occur  in  the  Trias.  A  second  series  is  post-Triassic  and 
pre-Cretaceous,  for  it  cuts  through  the  former,  and  not  the 
latter.  The  third,  including  the  Variolitic  rocks  of  Mount 
Genevre,  and  the  associated  rocks,  is  probably  Lower 
Cretaceous. 

In  connection  with  this  subject  we  must  welcome  a 
paper  in  which  some  very  important  sections  near  Genoa 
are  again  described.  For  though  these  are  not  in  the 
Western  Alps  they  have  exercised  a  considerable  influence 
on  the  theories  regarding  the  age  of  the  igneous  rocks  of 
the  “  pietre  verdi”  in  them.  Mazzuoli  and  Issel  described 
these  in  1884  in  a  paper  entitled  “Sulla  zona  di  coincidenza 
delle  formazioni  ofiolitiche  eocenica  e  triasica  della  Liguria 
occidentale  ”.1  Their  map  showed  two  series  of  the  “  pietre 
verdi,”  one  in  Triassic,  and  the  other  in  Eocene  rocks. 
The  igneous  series  were  parallel  to  one  another,  whereas 
the  two  sedimentary  series  were  unconformable.  It  was 
therefore  suggested  by  two  authors  that  the  two  sets  of 
igneous  rocks  were  really  part  of  the  same  series.  In  this 
they  assumed  the  eruptive  origin  of  the  “pietre  verdi, 
just  as  the  Italian  authors  had  assumed  that  these  were 
altered  bedded  sediments.  Signor  Mazzuoli  (13)  ^as  now 
returned  to  the  subject,  and  stated  his  views  in  gi eater 
detail.  He  again  urges  that  the  serpentines  in  the  Eocene 
rocks  of  Northern  Italy  are  mainly  the  result  ol  the  altera¬ 
tion  of  a  lherzolite  at  the  time  ol  its  eruption.  The 
euphotide  and  diabase,  on  the  other  hand,  the  author  claims 
to  be  the  result  of  the  alteration  of  a  sedimentary  lock  ,  he 
declares  they  were  originally  a  marl,  which  had  been  de¬ 
posited  at  a  considerable  depth  below  the  sea ;  this  was 
traversed  by  gases  and  liquids  containing  silicic  acid.  I  he 


1  Boll .  R.  Com.  Geol.  c Vital. ,  vol.  xv.,  p.  2. 


172 


SCIENCE  PROGRESS. 


prolonged  action  of  these,  especially  when  favoured  by 
high  temperature  and  pressure,  the  author  thinks  meta¬ 
morphosed  the  marl  into  rocks  which  all  English  geologists 
would  regard  as  of  eruptive  origin.  Mazzuoli  maintains 
that  they  cannot  be  eruptive,  because  gradual  passages 
from  the  “  argillaceous  schist”  into  the  euphotide  (gabbro) 
and  diabase  frequently  occur.  He  shows  one  transition 
from  the  “argillaceous  schist”  into  the  diabase  along  the  Via 
di  Libiola  (p.  7,  ii.,  fig.  3).  Neither  this  diagram,  however, 
nor  the  paper  carry  conviction  as  to  the  truth  of  this 
“  anfimorphic  ”  hypothesis  of  the  origin  of  the  gabbro  and 
diabase  ;  while  we  even  feel  certain  doubts  as  to  whether 
the  “  scisti  argillosi  with  which  they  are  associated  are  of 
so  late  a  date  as  the  Eocene. 

As  with  Bertrands  paper  we  notice  the  same  complete 
neglect  of  the  microscopic  examination  of  rocks.  The  real 
difficulties  in  the  passage  from  a  diabase  to  a  clay  slate  are 
therefore  not  considered.  The  author  does,  however,  give 
one  chemical  analysis,  but  it  does  not  concern  the  crucial 
question.  Even  if  it  did,  we  could  learn  nothing  from  it, 
for  it  starts  with  an  “insoluble  residue”  of  84*11  per  cent., 
to  which  nothing  further  is  done,  and  ends  by  lumping 
together  the  “ferric  oxide,  water,  etc.,”  which  are  deter¬ 
mined  by  difference.  In  this  “analysis”  less  than  10  per 
cent,  of  the  rock  is  determined. 

f  he  last  paper  helps  us  to  realise  how  different  are  the 
points  of  view  from  which  different  schools  of  workers 
regard  the  study  of  Alpine  geology.  While  in  England 
the  igneous  origin  of  gabbro,  diabase  and  serpentine  is 
universally  accepted,  these  rocks  are  still  regarded  as 
aqueous  sediments  by  what  appears  to  be  the  orthodox 
school  in  Italy.  Arguments  which  in  England  would  be 
taken  as  final  would  hardly  be  accepted  in  Italy  as  argu¬ 
ments  at  all.  Moreover,  the  means  of  research  adopted  are 
very  different.  Thus  we  find  that  in  some  of  the  papers 
noticed  the  use  of  the  microscope  is  wholly  ignored  ;  and 
to  this  neglect  of  modern  methods  we  have  to  add  in  one 
case  an  unfortunate  provincialism  in  range,  for  though  the 
references  to  literature  in  it  are  numerous,  these  do  not 
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indicate  that  the  author  has  ever  read  any  work  not  written 
in  Italian. 

When,  therefore,  both  the  premises  and  the  methods  of 
argument  are  so  different,  it  is  not  surprising  that  the 
conclusions  are  as  diverse  as  they  can  be,  and  that  the  use 
of  the  tools  of  1830  lead  us  back  to  the  theories  of  that 
period. 

Under  these  circumstances  immediate  agreement  is 
hopeless.  We  can  only  trust  that  by  the  patient  accumu¬ 
lation  of  facts  ;  by  the  abandonment  of  the  construction  of 
maps  of  complex  Alpine  regions  from  traverses  along  the 
coach  roads,  and  the  effort  to  unravel  difficult  igneous 
series  without  previous  training  in  simpler  volcanic  areas 
elsewhere ;  and  by  the  constant  use  of  the  microscope 
to  detect  the  differences  between  rocks  which  superficially 
appear  alike,  the  basis  of  an  agreement  may  be  at  last 
attained. 
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LIGHT  AND  ELECTRIFICATION. 

IF  an  ordinary  gold-leaf  electroscope  with  a  freshly 
scraped  zinc  cap  or  knob  is  charged  with  negative 
electricity,  and  is'  then  exposed  to  the  unfiltered  rays  of 
a  source  of  ultra-violet  light,  its  charge  will  leak  away 
rapidly. 

If,  further,  the  electroscope  so  treated  be  extremely 
sensitive,  it  will  be  found  not  only  to  lose  its  negative 
charge,  but  to  acquire  a  slight  trace  of  positive  charge 
under  the  action  of  light. 

These  are  the  simple  and  fundamental  facts  of  what  is 
virtually  a  new  subject  or  branch  of  physics,  the  subject 
of  photo-electric  action,  the  influence  of  illumination  on 
electrified  surfaces. 

SUMMARY  HISTORICAL  SKETCH. 

The  above  facts  were  discovered  by  Hallwachs,  but  their 
discovery  originated  in  an  observation  made  by  Hertz,  that 
the  sparking  of  an  induction  coil  was  facilitated  when  the 
light  of  another  spark  fell  upon  its  secondary  terminal. 
Hertz  proved  conclusively  that  this  was  a  real  action  of 
light,  and  not  due  to  some  more  direct  electric  action,  nor 
yet  to  any  convection  of  chemical  or  dissociated  products 
from  one  spark  to  the  other,  such  as  Schuster  and  others 
have  found  to  be  likewise  a  real  and  genuine  effect  having 
influence  on  some  forms  of  electric  discharge.  Hertz  also 
tried  other  sources  of  light,  and  by  passing  the  rays  through 
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a  quartz  prism  established  the  fact  that  it  was  the  ultra¬ 
violet  rays  which  were  specially  active.  In  fact  if  a  thin 
sheet  of  glass  were  interposed,  so  as  to  cut  off  the  extreme 
and  invisible  ultra-violet  rays,  the  action  ceased  ;  though  a 
layer  of  water  was  transparent  to  the  action,  except  when 
certain  salts  were  dissolved  in  it ;  while  coal  gas  was  remark¬ 
ably  opaque,  and  stopped  the  action  when  interposed  in  a 
sufficient  stratum  between  the  two  sparks.  He  further 
modified  the  experiment  by  taking  the  sparks  between 
different  metals  in  different  gases,  and  in  air  at  different 
pressures.  He  thus  found  that  in  rarefied  air  the  effect 
was  exaggerated,  and  that  an  atmosphere  of  hydrogen  was 
rather  better  than  one  of  air.  He  also  found  that  the  region 
of  the  spark  terminals  near  the  negative  pole  or  cathode  was 
the  most  sensitive  part  of  a  spark  gap,  so  that,  in  fact,  the 
main  photo-electric  influence  depended  on  whether  the 
region  near  the  cathode  surface  was  or  was  not  illuminated. 

d  he  subject  was  taken  up  by  a  number  of  experi¬ 
menters,  among  whom  Wiedemann  and  Ebert  specially 
examined  the  effect  in  different  gases,  and  established  the 
fact  that  the  illumination  operated  only  on  the  cathode 
surface  or  negative  pole,  and  that  illumination  of  the  anode, 
or  of  the  air  between  the  terminals,  had  little  or  no  influence 
on  the  discharge.  Supplementing  this,  Hallwachs,  and 
later  Hoor,  discovered  that  a  freshly  cleaned  metallic  sur¬ 
face  lost  a  negative  charge  quickly  under  the  action  of  light, 
but  retained  a  positive  charge  ;  while  Hallwachs  and  Righi 
independently  and  simultaneously  discovered  that  such  a 
Ireshly  cleaned  metallic  surface,  when  exposed  to  light,  not 
only  discharged  any  negative  electricity  it  might  possess 
but  was  able  actually  to  acquire  a  slight  positive  charge. 
Lenard  and  Wolf  also  made  the  important  observation  that 
a  negatively  charged  or  an  uncharged  metal  seemed  to 
evaporate,  or  throw  off  something  which  might  be  called 
“dust,”  under  the  action  of  light.  Other  investigators  into 
the  subject  who  must  be  mentioned  are  Stoletow  and 
Branly,  but  probably  none  have  worked  at  it  more  ener¬ 
getically  and  successfully  than  the  well-known  coadjutors  of 
Wolfenblittel,  Messrs.  Elster  and  Geitel,  who  have  dis- 
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covered  many  remarkable  facts  in  connection  with  it.  It 
was  not  till  the  beginning  of  1894  that  the  subject  was 
seriously  taken  up  by  the  writer. 

This  brief  outline  of  some  of  the  work  that  has  been 
done  in  this  subject  since  its  discovery  in  1887  must  serve 
instead  of  a  proper  historical  sketch,  because  we  want  to 
pass  from  the  consideration  of  the  investigators  to  a  study 
of  the  facts  themselves. 

EXPERIMENTAL  DETAILS. 

A  demonstration  of  the  fundamental  fact  can  be  made 
with  very  simple  appliances,  but  unless  they  are  properly 
arranged  it  is  easy  to  fail.  Several  experimenters  have 
indeed  doubted  the  fact  because  they  were  unable  to  repeat 
it.  No  method  can  be  simpler  than  the  one  indicated  in 
the  first  few  lines  of  this  article  ;  and  with  a  well-insulated 
electroscope,  whose  rate  of  leakage  can.  be  timed,  the  only 
difficulty  is  the  obtaining  of  a  suitable  light.  Sunlight  on 
a  mountain  top  is  certainly  effective,  but  sunlight  on  a 
plain  is  much  weaker,  and  in  a  British  town  (perhaps  even 
in  the  British  Isles)  it  has  hardly  any  power  at  all  ;  the 
active  rays  are  all  filtered  out  by  the  gross  and  polluted 
atmosphere  usually  existing  above  such  places.  Visible 
brightness  of  illumination  is  not  what  is  wanted,  the  most 
effective  rays  are  invisible  ;  for  instance,  Hertz  observed 
that  the  oxyhydrogen  flame  was  just  as  effective  before  the 
lime  was  introduced  into  it  as  after,  and  that  it  is  the 
bottom  blue  part  of  a  candle  flame  which  possesses  any 
power  at  all  ;  hence  the  light  from  a  brush  discharge  or 
from  the  aureole  surrounding  an  induction  coil  spark  is 
very  much  more  effective  than,  for  instance,  the  lime 
light  or  even  the  magnesium  light.  An  arc-light  is,  how¬ 
ever,  the  most  powerfully  active  source,  especially  if  it  is 
made  extra  long,  and  still  more  if  a  little  zinc  is  placed  in 
the  positive  crater  for  volatilisation.  Hertz  himself  noticed 
that  the  violet  flame  between  the  poles  was  more  active 
than  the  intensely  bright  carbons  themselves.  In  using 
the  arc-lamp  it  must  be  understood  that  is  to  be  naked. 
There  are  to  be  no  lenses  in  the  lantern,  or  if  there  are, 
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they  must  be  composed  of  quartz  or  other  really  trans¬ 
parent  substance. 

The  statements  here  made  about  the  need  for  extremely 
ultra-violet  rays  are,  however,  subject  to  modification  with 
the  nature  of  the  gas  surrounding  the  metallic  surface,  for 
Wiedemann  and  Ebert  found  that  in  an  atmosphere  of 
carbonic  acid  even  visible  rays  produced  some  effect ;  and 
a  still  more  marked  modification  is  dependent  on  the  nature 
of  the  metallic  surface.  I  have  spoken  of  zinc  as  a  suitable 
metal,  and  so  it  is  ;  but,  with  highly  ultra-violet  light,  cop¬ 
per,  silver,  and  even  platinum,  do  nearly  as  well.  With 
light  of  lower  refrangibility,  zinc  is  better  than  the  less 
oxidisable  metals,  but,  as  Elster  and  Geitel  have  found, 
potassium  or  sodium  is  better  still.  With  such  metals  in¬ 
deed  any  kind  of  light  serves,  not  only  ordinary  diffuse 
daylight,  but  even  the  light  of  a  candle. 

INFLUENCE  OF  THE  KIND  OF  METAL. 

It  appears  that  the  order  of  metals  in  photo-electric 
power,  when  tested  by  their  discharging  action  for  negative 
electricity,  is  the  same  as  their  order  in  the  voltaic  series, 
the  alkali  metals  heading  the  list,  and  the  noble  metals 
being  the  least  effective.  With  light  of  ordinary  wave 
lengths,  indeed,  such  as  come  easily  through  glass,  only  the 
alkaline  metals,  or  those  above  zinc  in  the  voltaic  series, 
have  any  real  power  ;  but  with  short  enough  wave  lengths 
all  metals  are  competent  to  show  the  effect,  though  the  noble 
metals  require  light  of  an  extremely  high  ultra-violet 
character. 

This  fact  of  the  voltaic  order  of  the  metals  clearly 
suggests  some  chemical  or  semi-chemical  explanation,  but 
it  may  be  well  to  defer  coming  to  a  conclusion  on  that 
point  for  the  present. 

DISCHARGING  ACTION  OF  METALS  FOR  POSITIVE 

ELECTRICITY. 

Hitherto  we  have  spoken,  as  the  earlier  experimenters 
in  the  subject  did,  as  if  negative  electricity  alone  was  dis¬ 
charged  while  positive  electricity  was  retained. 
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If  the  surfaces  are  very  clean,  and  if  the  light  is  ordinary 
ultra-violet  light,  the  difference  between  the  rates  of  dis¬ 
charge  of  negative  and  positive  electrification  is  so  enormous 
that  it  is  practically  true  to  say  that  one  pours  away  while 
the  other  is  retained  ;  but  more  careful  observation  will 
show  that  the  rate  of  leakage  of  positive,  too,  is  usually 
increased  by  illumination.  The  leakage  of  positive,  how¬ 
ever,  occurs  better  from  surfaces  not  too  recently  cleaned, 
and  it  appears  as  if  still  shorter  wave  lengths  were  necessary 
for  it  than  for  leakage  of  negative. 

My  experiments  go  to  show  that  as  metals  get  dirty 
the  rates  of  leakage  of  negative  and  positive  become  more 
comparable.  And  one  metal  I  have  found  which  is  able  to 
discharge  positive  even  faster  than  negative,  viz. ,  cobalt. 
What  the  meaning  of  this  exceptional  behaviour  may  be 
is  quite  unknown,  but  the  general  rule  seems  to  be  that  the 
discharging  order  of  the  metals  follow  the  voltaic  series, 
and  that  the  more  oxidisable  metals  discharge  negative 
more  easily,  and  under  longer  wave  lengths,  than  do  the 
less  oxidisable.  Righi  further  finds  that  the  tendency  of 
metals  to  become  positively  charged  under  the  action  of 
light  likewise  follows  the  voltaic  order,  but  inversely  ;  gold 
and  carbon  being  more  effective  in  acquiring  a  positive  charge 
than  zinc  and  aluminium.  It  may  be  doubted  whether  this  is 
capable  of  thorough  substantiation  as  a  general  law  or  not, 
but  there  can  be  no  doubt  that  the  discharge  of  negative 
electricity  is  most  rapid  from  perfectly  clean  metals  ; — they 
need  not  be  polished,  scratching  with  sandpaper  suffices, 
but  a  few  minutes’  exposure  to  air  destroys  the  initial 
extreme  vigour  of  the  effect.  It  is  not  true  that  a  positive 
charge  is  wholly  retained  under  the  action  of  light  even  by 
such  clean  metals  ;  they  do  discharge  it,  but  very  much 
more  slowly  than  they  do  a  negative  charge  ;  whereas  when 
they  are  tarnished  the  rate  of  discharge  for  the  two  kinds  of 
electrification  is  more  nearly  equal,  and  when  they  are  dusty 
or  dirty  it  is  quite  possible  for  positive  electricity  to  be  dis¬ 
charged  more  rapidly  than  negative  by  the  action  of  light. 

1  he  following  extracts  from  my  laboratory  note-book  may 
serve  to  establish  and  illustrate  this  fact : — 
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Platinum  plate  dirty  with  age  connected  to  a  measuring 
electroscope  and  illuminated  by  an  arc-lamp,  showed  a 
definite  fall  of  potential  when  charged  negatively,  passing 
from  mark  to  mark  on  the  scale  in  120  seconds;  when 
charged  positively  it  showed  the  same  fall  of  potential  in 
100  seconds.  Platinum  plate  scratched  clean  with  glass- 
cloth,  and  similarly  treated,  showed  the  same  amount  of 
leak  in  6-g-  seconds  when  negatively  charged,  but  when 
positively  charged  it  still  took  100  seconds. 

Here  is  another  example.  A  clean  zinc  plate,  the  same 
size  as  the  above  platinum,  leaked  at  exactly  the  same  rate 
in  the  strong  rays  of  an  arc-lamp,  viz. ,  negative  in  61- 
seconds,  positive  in  100  seconds  ;  but,  when  a  dirty  piece  of 
zinc  was  employed,  the  time  required  for  the  same  amount 
of  leak  was  30  seconds  for  negative  and  65  for  positive. 

Most  clean  metals  on  this  occasion  gave  about  the  same 
rate  of  leak,  but  tin  plate  seemed  rather  exceptionally 
quick.  Its  rate  for  negative  was  4  seconds,  and  for 
positive  80  seconds. 

THE  QUESTION  OF  FATIGUE. 

Lapse  of  time  makes  any  metallic  surface  less  power¬ 
fully  photo-electric,  simply  by  reason  of  tarnishing  or 
accumulation  of  dust ;  but  the  question  arises  whether 
light  itself  has  any  effect  in  accelerating  this  decay  of  the 
power.  To  try  this  a  couple  of  similar  plates  have  been 
kept  for  some  hours,  one  in  the  blaze  of  the  arc,  the 
other  in  comparative  darkness,  and  then  their  rates  of  leak 
compared.  The  only  metal  which  showed  a  distinct  effect 
of  this  kind  was  palladium.  Palladium  appears  to  get 
rapidly  fatigued  by  the  action  of  light,  so  much  so  that  its 
fati  gue  is  noticeable  in  a  simple  series  of  leakage  ex¬ 
periments  taken  one  after  the  other. 

Another  experiment,  something  of  the  same  sort,  was  to 
reflect  light  down  on  to  the  surface  being  tested,  by  a  clean 
silver-on-glass  mirror.  The  mirror  could  be  kept  charged 
either  negatively  or  positively,  and,  of  course,  under  these 
conditions  it  itself  discharged  rapidly,  especially  when 
negative  ;  but  the  question  was  whether  light  thus  reflected 
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from  a  discharging  mirror  had  become  at  all  inactive,  or 
whether  it  was  still  equally  competent  to  exert  a  dis¬ 
charging  action  on  any  second  surface  which  it  met.  The 
latter  seems  to  be  the  truth ;  whatever  fatigue  may  be 
experienced  by  a  surface  none  seems  experienced  by  a 
light ;  or  if  the  light  was  affected,  there  was  too  great  a 
balance  of  power  left  to  make  its  deterioration  of  quality 
conspicuous.  It  is,  however,  an  important  question  whether 
the  short  waves  which  are  especially  operative  are  really 
consumed  in  the  act  of  effecting  the  electric  discharge,  or 
whether  they  are  uninjured ;  and  hence  the  experiment 
was  carefully  and  repeatedly  performed.  No  question  of 
energy  arises,  because  the  energy  of  the  discharge  may 
be  simply  and  entirely  electrical. 

NON-METALLIC  SUBSTANCES. 

Elster  and  Geitel  found  that  luminous  paint  was 
peculiarly  active  as  a  discharging  agent,  and  they  tried 
other  phosphorescent  bodies  too,  also  several  minerals. 
In  my  experience  some  minerals  discharge  positive  more 
readily  than  negative,  but  any  surface  to  be  effective  should 
be  dry.  A  lump  of  dry  soft  red  sandstone  fell  in  potential 
a  given  amount  in  150  seconds  when  charged  positively, 
whereas  when  charged  negatively  it  fell  much  more  slowly 
or  not  at  all.  On  the  other  hand  many  non-metallic  bodies 
imitate  metals  in  their  more  rapid  loss  of  negative  elec¬ 
tricity.  Thus  a  piece  of  gas-carbon  lost  negative  in  18 
seconds,  positive  in  150;  lamp-black  lost  negative  in  10 
seconds,  positive  in  120. 

PLANTS. 

Several  growing  plants,  and  cuttings  of  others,  were 
tried  in  my  laboratory  last  June,  with  the  result  that  several 
of  them  discharged  positive  more  readily  than  negative  ; 
but  on  the  whole  the  rates  of  discharge  for  the  twro  kinds  of 
electrification  from  the  leaves  of  plants  under  the  action  of 
light  are  more  nearly  equal  than  are  the  rates  of  discharge 
from  most  other  substances.  Some  tacts  suggest  that 
the  time  of  year,  i.e.,  the  state  of  the  plant,  has  an 
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influence  ;  and  we  conjecture  at  present,  as  the  result  of 
observation,  that  in  summer  when  the  leaves  are  fresh 
positive  electricity  is  most  easily  discharged,  whereas 
in  late  autumn  negative  seems  to  gain  the  advantage.  A 
geranium  in  a  pot  was  the  first  thing  tried  (in  June),  and  it 
then  discharged  positive  five  times  as  quickly  as  negative. 
In  all  cases  it  must  be  understood  that  the  action  is  due  to 
the  ultra-violet  rays  :  glass  cuts  off  the  effect,  quartz  trans¬ 
mits  it. 

Garden  soil  was  also  tried,  and  when  dry  it  has  a  very 
fair  discharging  power,  usually  rather  quicker  for  positive 
than  for  negative. 

O 

TENSION  OR  POTENTIAL. 

In  a  future  article  we  may  endeavour  to  discuss  the 
physical  aspect  of  some  of  these  facts  from  the  point  of 
view  of  theory,  but  it  is  plain,  in  the  experiments  on  metals 
at  any  rate,  how  clearly  a  quasi-chemical  origin  is  indicated 
for  the  discharging  power.  That  being  so,  it  is  essential 
to  ascertain  whether  the  effect  depends  on  the  potential  of 
the  electrified  metal,  or  whether  it  is  dependent  on  surface 
density.  It  is  easy  to  have  a  metallic  surface  at  a  high 
potential  without  a  trace  of  electric  charge  :  such  is  the 
inside  of  a  metallic  enclosure,-  or  practically  of  any  highly 
charged  hollow  vessel  ;  its  surface  density  and  its  electric 
tension  will  be  nothing,  though  its  potential  may  be  thou¬ 
sands  ol  volts.  Conversely,  it  is  easy  to  have  a  surface 
charged  to  a  high  density  and  with  an  electric  tension  at 
the  point  of  bursting,  while  yet  its  potential  shall  be  zero, 
d  his  is  the  case  of  an  earth-connected  surface  exposed  to 
the  inductive  influence  of  a  highly  charged  insulated  body. 

It  is  a  simple  question  for  experiment  to  decide  whether 
the  discharging  power  of  light  operates  in  one  of  these 
cases  and  not  in  the  other.  Or,  briefly,  does  the  dis¬ 
charging  power  ot  light  on  a  surface  depend  on  the  tension 
or  on  the  potential  of  that  surface  ? 

The  answer  is  distinct ;  it  depends  upon  tension.  If 
the  surface  is  not  actually  charged  with  electricity,  light  has 
no  effect ;  or  at  least  its  effect  is  limited  to  the  feeble 
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charging  with  positive  which  so  many  experimenters  have 
observed,  and  which  we  may  assume  at  present  to  be 
correct ;  though  whether  it  is  a  true  and  simple  effect  we 
will  not  at  present  consider  quite  decided. 

The  inside  of  a  metallic  vessel  is  not  affected  by  light, 
even  when  the  air  contents  are  blown  out  and  exchanged 
for  fresh  air.  Unless  the  atmosphere  is  thus  changed 
the  experiment  is  inconclusive,  because,  even  if  a  charge 
were  to  leave  the  interior  surface  of  the  vessel  and  pass 
to  the  air  in  contact  with  it,  an  electroscope  connected 
to  the  vessel  would  of  course  show  nothing  ;  the  charge 
must  be  extracted  entirely  from  the  vessel  before  its 
potential  is  affected.  However,  if  proper  precautions  are 
taken  about  blowing  in  non-electrified  air  (by  no  means  an 
easy  matter),  the  experiment  is  perfectly  negative  ;  no  dis¬ 
charging  action  occurs  from  a  surface  at  zero  density. 

If  the  beam  of  light  which  has  been  skining  on  the 
interior  of  a  charged  pewter  pot  is  transfered  and  made  to 
impinge  on  an  outer  edge  of  the  same  vessel  the  leak  of 
electricity  immediately  becomes  rapid. 

On  the  other  hand,  a  surface  connected  to  the  earth 
(and  therefore  at  zero  potential)  pours  away  its  induced 
charge  rapidly  when  a  beam  of  suitable  light  falls  upon 
it.  And,  indeed,  this  is  a  favourite  and  easy  mode  of 
testing  the  power  of  different  substances  ;  viz.,  by  expos¬ 
ing  them  to  the  inductive  influence  of  a  charged  body, 
such  as  a  layer  of  wire  gauze,  through  which  light  has 
easy  access,  and  observing  the  rate  of  leak  either  by  the 
rise  in  potential  of  an  electroscope  attached  to  them 
and  initially  at  zero,  or  by  a  very  sensitive  galvanometer 
inserted  in  the  circuit  which  connects  them  to  earth.  In¬ 
deed,  with  a  water  battery  or  other  source  of  high  EMb, 
nothing  further  is  needed  than  a  sensitive  galvanometer 
and  the  two  surfaces  facing  each  other  across  a  narrow  air 
space,  which  under  the  action  of  light  becomes  virtually 
conducting. 

EFFECT  OF  MAGNETISM. 

One  of  the  most  singular  observations  on  the  subject 
was  made  by  Elster  and  Geitel,  who  placed  the  poles  of  a 
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magnet  in  various  aspects  with  respect  to  the  line  of  dis¬ 
charge  or  of  conduction  between  two  plates  in  vacuo,  such 
as  are  mentioned  just  above. 

1  hey  found  that  if  the  lines  of  magnetic  force  agreed  in 
direction  with  the  lines  of  electrostatic  force  they  had  no 
appreciable  influence  on  the  discharging  power  of  light ; 
but  that  as  soon  as  the  magnetic  and  the  electrostatic 
lines  crossed,  the  discharging  power  of  light  was  definitely 
diminished  and  interfered  with. 

QUESTION  OF  INTENSITY  OR  TOTALITY  OF 

ILLUMINATION. 

Experiments  made  in  my  laboratory  were  directed  to 
ascertain  whether  the  action  of  light  depended  on  its  con¬ 
centration  or  on  its  total  amount.  To  this  end  a  laro^e 
metal  plate  was  set  at  different  distances  from  the  source, 
in  a  cone  of  rays,  so  that  at  one  time  a  very  small  area,  and 
at  another  time  a  larger  area,  was  exposed  to  the  same 
total  quantity  of  light. 

No  very  minutely  accurate  measurement  was  possible, 
because  an  arc-light  is  subject  to  capricious  variations, — the 
long  fizzing  arc  being  much  the  most  effective;  but  certainly 
if  there  is  any  effect  due  to  concentration  it  is  very  small. 
On  the  average  the  rate  of  leak  was  just  the  same  when 
the  light  was  spread  over  a  large  area  as  over  a  small. 

INFLUENCE  OF  THE  DIRECTION  OF  THE  LUMINOUS 

VIBRATION. 

Another  vital  discovery  was  made  by  the  Wolfenbiittel 
experimenters,  by  aid  of  their  beautiful  method  of  em¬ 
ploying  the  alkali  metals  for  the  purpose  in  partial 
vacua  in  glass  bulbs.  The  alkali  metals  are  generally 
superior  to  others  by  reason  of  the  fact  that  ordinary  visible 
light  is  powerfully  effective  in  their  case,  so  that  glass  is  no 
deterrent,  and  candles  or  diffuse  daylight  may  be  used. 
This  is  convenient  for  measuring  purposes,  because  of  their 
great  steadiness  as  compared  with  an  arc  ;  and  another  con¬ 
venience  is  the  possibility  of  using  a  liquid  metallic  surface, 
viz.,  that  of  the  liquid  potassium-sodium  alloy.  Mercury  is 
comparatively  inert,  but  a  liquid  surface  has  the  great  merit 
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of  being  perfectly  smooth  and  horizontal  ;  it  thus  makes 
easy  definite  optical  experiments  on  angles  of  incidence  and 
azimuth  of  polarisation.  Employing  the  potassium-sodium 
alloy  in  a  hydrogen-vacuum,  Elster  and  Geitel  found  that 
the  most  effective  light  is  that  which  is  polarised  perpendic¬ 
ularly  to  the  plane  of  incidence,  i.e.,  light  whose  vibrations 
have  a  component  normal  to  the  surface.  Light  vibrations 
parallel  to  the  surface  are  comparatively  inoperative. 

If  this  be  so,  of  course  it  follows  that  with  common 
light  normal  incidence  should  be  less  effective  than 
oblique  incidence ;  and  indeed  it  may  be  supposed 
that  any  effect  of  normally  incident  rays  might  largely 
be  due  to  the  scratched  and  unpolished  state  of 
ordinary  metallic  surfaces.  Experiments  conducted  in  my 
laboratory  on  polished  surfaces  of  silver  do  not  bear  this 
out.  Normally  incident  light  has  a  very  considerable 
effect,  at  least  on  ordinary  surfaces  in  air,  though  obliquely 
incident  light  has  a  greater.  Using  the  liquid  K — Na  alloy 
it  was  possible  to  verify  completely  Elster  and  Geitel’s 
result  with  respect  to  the  azimuth  of  polarisation,  and  we 
also  found  that  with  common  light  and  different  angles  of 
incidence  the  effect  increased  rapidly  as  the  incidence 
changed  from  normal  (0)  to  something  near  6o°,  but  that 
it  then  ceased  to  increase  any  more.  So  far  as  I  have 
observed,  the  effect  of  polarisation  and  varying  incidence 
is  much  more  marked  with  these  alkaline  metals  in  vacuum, 
subjected  to  long  waves,  than  it  is  with  such  surfaces  as 
polished  zinc  or  silver  in  ordinary  air  and  other  gases, 
exposed  to  ultra-violet  waves  ;  though  with  these  also  it  is 
perfectly  real  and  definite. 

I  have  now  rehearsed  what  may  be  considered  as  a 
summary  of  most  of  the  more  prominent  and  interesting 
facts  connected  with  the  subject,  abstaining  from  any 
theoretical  comment.  In  a  future  article  the  attempt  may 
be  made  to  collate  these  facts,  and  to  consider  their  bearing 
with  reference  to  a  possible  explanation  or  perception  of 
the  meaning  of  the  effect,  so  far  as  it  is  reasonable  to  sup¬ 
pose  it  understood  at  present. 


Oliver  J.  Lodge. 


TWO  FUNDAMENTAL  “LAWS”  OF  NERVE- 
ACTION  IN  RELATION  TO  THE  MODERN 
NERVE-CELL. 

IT  would  be  difficult  to  point  to  any  recent  series  of 
investigations  more  widely  known  than  those  on  the 
minute  anatomy  of  the  nervous  system,  or  to  name  any 
one  investigator  whose  publications  have  had  a  more  wide¬ 
spread  effect  upon  current  literature  than  those  of  Ramon 
y  Cajal. 

Histologists,  physiologists  and  neurologists  have  con¬ 
curred  to  testify  to  the  importance  of  these  investigations, 
and  to  the  light  thrown  by  them  upon  the  anatomy, 
physiology  and  pathology  of  the  central  nervous  system. 

d  here  can  be  no  doubt  in  the  mind  of  any  one  who 
has  had  the  opportunity  of  examining  Cajal’s  preparations, 
that  the  silver  method  has  enabled  us  to  see  further  along 
tne  ramifying  processes  of  nerve-cells,  and  that  our  know¬ 
ledge  de  visit  of  their  minute  anatomy  is  thereby  extended. 
And  in  so  lar  as  an  extension  of  the  anatomical  basis  is 
of  necessity  an  added  support'  to  our  physiological  and 
pathological  conceptions,  physiologists  and  pathologists  may 
fitly  recognise  their  indebtedness  to  the  silver  method,  and 
to  Professor  Cajal  in  particular,  who  has  prosecuted  it  with 
conspicuous  zeal  and  success. 

It  is  possible,  however, 'That  we  may  be  led  astray  in 
our  appreciations,  and  becoming  satisfied  with  the 
vague  statement  that  a  great  light  has  been  cast  upon  the 
physiology  of  the  nervous  system,  omit  to  recognise  the 
actualities  and  possibilities  shown  up  by  that  great  light. 

For  the  last  four  or  five  years  I  have  found  it  necessary, 
in  lecturing  on  the  physiology  of  the  nervous  system,  to 
allude  to  the  results  of  the  silver  method.  Until  two  years 
ago  I  was  forced  to  limit  myself  to  the  descriptive  histology 
ol  the  bushes  and  baskets  and  collaterals,  without  venturing 
to  append  to  such  description  any  physiological  remarks 
whatever  as  to  their  possible  functional  significance  qua 
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direction  and  propagation  of  nervous  impulses.  The  cell 
of  Golgi  and  Cajal  bore  no  functional  interpretation  other 
or  more  precise  than  was  already  placed  upon  the  cell  of 
Deiters  ;  in  either  case  the  distinction  between  nervous  and 
protoplasmic  processes  appeared  to  be  equally  gratuitous  ; 
and  as  regards  the  formation  of  elementary  notions,  the 
collateral  branches  of  axis-cylinder  processes  and  the  dis¬ 
continuity  of  fibrous  network  and  nerve  -  cell,  however 
significant  these  facts  might  some  day  prove  to  be  in 
relation  to  the  transmission  and  diffusion  of  nerve-impulses, 
were  for  the  moment  obstructive  rather  than  auxiliary. 

The  anatomical  descriptions  of  collaterals  were  obviously 
selected  under  the  guiding  influence  of  physiological  con¬ 
siderations.  Those  of  pericellular  networks  simply  signified 
to  us  that  continuity  of  structure  was  not  indispensable 
to  propagation  of  nerve-impulses.  Collaterals  were  pointed 
to  as  the  distinct  continuous  paths  by  whose  presence  we 
might  understand  the  manifold  radiations  of  nerve-impulses. 
On  the  other  hand,  arborisations  of  fibrils,  their  want  of 
protoplasmic  continuity  with  cells  and  with  each  other, 
instructed  us  to  regard  continuity  of  protoplasm  as  an  un¬ 
essential  condition  of  nerve  conduction. 

Therefore  it  was  that  while  introducing  into  lectures 
such  knowledge  as  I  possessed  concerning  the  then  newer 
histological  developments  associated  with  the  names  of 
Golgi,  Cajal,  Retzius,  I  deliberately  omitted  from  a  written 
introduction  to  physiology  any  detailed  description  of  ana¬ 
tomical  facts  to  which  no  plausible  functional  significance 
could  be  reasonably  assigned.  The  omission  of  such  well- 
known  and  important  "facts  was  criticised  by  more  than  one 
of  my  friends,  without,  however,  adding  to  my  knowledge 
more  than  that  it  was  inexpedient  to  omit  mention  of  such 
remarkable  researches. 

I  held,  and  hold,  that  it  is  inexpedient  to  prematurely 
introduce  into  elementary  teaching  the  latest  “discovery’ 
in  physiology  and  a  fortiori  in  histology.  Yet  so  far  from 
ignoring  these  particular  researches,  they  had  been  an 
object  of  my  frequent  consideration  and  speculation.  And 
that  to  such  an  extent  that  the  speculation  took  precise 
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shape  in  the  diagram  and  table  that  I  now  submit  to 
criticism,  and  which  has  served  me  as  a  lecture  text  for  the 
last  two  years  to  my  more  advanced  students.  I  may 
emphasise  here,  as  I  have  done  viva  voce ,  that  the  diagram 
embodies  a  mere  speculation,  but  a  speculation  that,  even 
if  false,  binds  together  under  one  generalising  bracket  three 
dicta,  two  of  which  are  now  universally  admitted  to  signify 
correct  data,  while  the  third,  although  more  recent,  is  also 
allowed  to  rank  among  admitted  data.  These  are  : _ 

(1)  A  nerve-cell  has  a  trophic  influence  upon  a  nerve- 
fibre. 

(2)  Nervous  impulses  pass  round  the  nervous  system 
in  one  direction  only. 

(3)  A  nerve-cell  is  in  protoplasmic  continuity  with  a 
nerve-fibre  by  one  pole  only. 

The  dependence  of  (1)  and  (2),  which  are  statements 
of  well-assured  physiological  fact,  upon  (3),  which  is  a 
statement  of  less  well-assured  anatomical  fact,  will  be  at 
once  brought  clearly  before  the  mind  by  referring  to  the 
case  in  which  they  most  obviously  apply,  viz .,  the  anterior 
cornual  cells  and  their  relations  to  pyramidal  and  motor 
fibres.  These  relations  can  be  most  easily  exhibited  in  the 
following  diagram  : — 


/ 
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A  pyramidal  fibre py  terminates  in  a  pericellular 
feltwork  of  fibrils,  and  is  not  in  protoplasmic  con¬ 
tinuity  with  an  anterior  cornual  cell. 

A  motor  fibre  in  is  in  protoplasmic  continuity 

with  an  anterior  cornual  cell. 

\  —  . 

After  a  section  at  1,  degeneration  occurs  below 
the  point  of  section  as  far  as  but  not  beyond  the 
cornual  cell  ;  there  is  no  degeneration  above. 

After  a  section  at  2,  degeneration  occurs  below  the  point 
of  section,  and  not  above. 

Nervous  impulses  can  be  transmitted  in  a  downward 
direction  through  the  cell  from  py  to  m,  but  cannot  be 
transmitted  in  an  upward  direction  from  in  to  py} 


Gotch  and  Horsley  find — or  more  correctly  speaking  infer  -  that  the 
anterior  cornual  cells  block  centrifugal  impulses  partially,  and  centripetal 
impulses  completely,  but  strangely  enough  neglect  the  best  and  best- 
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These  several  facts  form  a  group  of  ideas  in  which  the 
connecting  consideration  may  be  brought  out  and  expressed 
by  saying  that,  by  virtue  of  the  anatomical  interruption  of 
continuity,  the  anterior  cornual  cell  plays  the  part  of  a 
nerve- valve — permitting  the  passage  of  nerve-impulses  in 
a  centrifugal  direction,  obstructing  them  in  a  centripetal 
direction — and  that  the  interruption  is  a  determining  factor 
as  regards  Wallerian  degeneration  of  nerve-fibres.  De¬ 
generation  occurring  below  1  and  2  is  in  no  known  relation 
with  the  fact  that  their  tract  is  efferent,1  but  is  in  accord¬ 
ance  with  the  fact  that  the  part  below  py  is  not  in  proto¬ 
plasmic  continuity  with  any  cell,  while  the  part  below  m  is 
in  protoplasmic  continuity  with  an  anterior  cornual  cell 
(“  trophic  ”).•  *  We  may  understand  better  from  this  point 

known  grounds  upon 'which  the  same  conclusion  had  been  based,  and 
place  it  upon  the  extremely  insecure  basis  of  their  own  electrical  experi¬ 
ments,  presenting  it  as  a  surprising  discovery,  and  linking  it  in  a  curiously 
confused  way  with  psychological  theories  concerning  kinsesthesis.  They 
find,  moreover,  or  infer,  that  centrifugal  as  well  as  centripetal  impulses  can 
pass  down  the  posterior  roots,  and  apply  this  “fact”  in  a  similar  manner 
to  support  their  views  of  kinaesthesis  (Gotch  and  Horsley,  Phil.  Traits. 
R.  S.,  1891.  Croonian  Lecture ,  p.  509).  For  a  criticism  of  these  views 
see  Waller,  “On  the  Functional  Attributes  of  the  Cerebral  Cortex,” 
Brain ,  p.  384,  1892. 

1  The  misconceptions  still  prevailing  as  to  the  fundamental  facts  of 
degeneration,  as  expressed  in  recent  and  authoritative  text-books  of  Ana¬ 
tomy  and  of  Physiology,  are  survivals  or  sports  that  are  very  difficult  to 
account  for.  “  The  pathological  method  depends  upon  the  trophic  influence 
exercised  by  nerve-cells.  It  is  found  that  every  nerve-fibre  must  receive  a 
certain  influence  from  a  nerve-cell  in  order  to  benefit  by  the  lymph  with 
which  it  is  surrounded.  This  is  called  trophic  influence.  The  trophic 
cells  for  the  sensory  fibres  are  situated  in  the  ganglia  in  the  posterior 
roots  ;  hence  if  the  roots  be  divided  between  the  cord  and  the  ganglia,  the 
nerve-tracts  degenerate  in  an  upward  direction,  and  the  degenerated  tracts 
can  be  seen  surrounded  by  the  unaffected  tracts.  Ascending'  degeneration  is 
therefore  characteristic  of  centripetal  tracts  ”  (Morris’  Anatomy ,  1893).  ‘  1  his 
being  precisely  what  is  not  the  case.  When  a  nerve  trunk  is  cut  across,  the 
degeneration  actually  descends,  in  the  sense  that  the  progress  of  the  de¬ 
generative  changes  may  be  traced  downwards  ;  they  begin  at  the  section 
and  travel  downwards  at  a  rate  sufficiently  slow  to  permit  a  difference  being 
observed  between  the  progress  of  degeneration  at  a  spat  near  the  section 
and  that  at  one  farther  off '(Foster’s  Physiology ,  5th  ed.,  1890,  p.  871). 
Which  is  a  very  graphic  description  of  what  does  not  occur. 
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of  view  how  section  i  across  a  fibre  py  causes  degeneration 
below  but  not  above,  than  upon  the  older  view  that  the 
fibre  py  is  in  continuity  at  both  ends  with  a  cerebral  and  a 
spinal  nerve-cell. 

But  the  full  possible  significance  of  the  nerve-valve 
conception  as  regards  direction  of  Wallerian  degeneration 
and  direction  of  nerve-impulses  comes  out  better  on  exami¬ 
nation  of  the  following  diagram  and  table,  which,  besides 
this  best-known  case  of  the  efferent  tract,  gives  all  the  less 
well-known  cases  that  present  themselves  in  the  afferent 
tract  as  well  : — 


I.  Sensificatory  end-organ. 

II.  Ganglion  cell  of  posterior  root. 

III.  Spinal  cell  of  Clarke’s  column,  and  of  Burdach’s  bulbar  nuclei. 

IV.  “  Sensory”  brain  cell,  cerebral  and  cerebellar. 

V.  “  Motor  ”  brain  cell. 

VI.  Spinal  cell,  bulbar  nuclei  and  anterior  cornu. 

I.  III.  IV.  afferent  tract.  V.  VI.  VII.  efferent  tract. 

From  I.  to  III.  periphery  to  medulla  ;  afferent  nerve-fibres. 

From  III.  to  IV.  medulla  to  cortex ;  Goll’s  column ;  cerebellar  tracts ; 
crura  cerebri. 

From  V.  to  VI.  cortex  to  medulla;  pyramidal  tracts. 

From  VI.  to  VII.  medulla  to  periphery;  efferent  nerve-fibres. 

III.  to  IV.  spinal  communication. 

IV.  to  V.  cerebral  communication. 

Impulses  can  pass  from  I.  to  III.,  Ill  to  IV.,  V.  to  VI.,  VI.  to  VII.,  also  from  III. 
to  VI.,  IV  to  V. 

Impulses  cannot  pass  from  VII.  to  VI.,  VI.  to  V.,  IV.  to  III.,  III.  to  I.,  nor 
from  VI.  to  III.,  V.  to  IV. 

The  above  schema  of  the  physiological  anatomy  of  the 
nervous  circuit  is  intended  to  embody  the  best  attested  facts 
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'Section. 

Channel. 

Above  Section. 

Below  Section. 

At  (1) 

Afferent  fibres  of 
posterior  root. 

No  degeneration;  con¬ 
tinuity  of  fibres  with 
ganglion  cells  of  pos¬ 
terior  root. 

Degeneration,  reaching 
to  periphery. 

• 

At  (2) 

Afferent  fibres  of 
posterior  root  and 
of  Golfs  column. 

Degeneration,  reaching 
to  spinal  grey  matter 
(Clarke’s  column, 

Burdach’s  nucleus). 

No  degeneration;  con¬ 
tinuity  of  fibres  with 
ganglion  cells  of  pos¬ 
terior  root. 

At  (3) 

Afferent  fibres  of  the 
cerebellar  tract. 

Degeneration,  reaching 
to  cerebellum. 

No  degeneration;  con¬ 
tinuity  of  fibres  with 
cells  of  Clarke’s 
column. 

At  (4) 

Efferent  fibres  of  the 
pyramidal  tract. 

No  degeneration ;  con¬ 
tinuity  of  fibres  with 
cells  of  Rolandic 
area. 

Degeneration,  reaching 
to  cells  of  anterior 
cornua. 

At  (5) 

Efferent  fibres  of 
anterior  root. 

No  degeneration;  con¬ 
tinuity  of  fibres  with 
cells  of  anterior  cor¬ 
nua. 

Degeneration,  reaching 
to  periphery. 

regarding  the  trophic  and  functional  relations  of  its  principal 
cells  and  cell-connections,  and  to  illustrate  (a)  the  lazo  of 
trophic  action ,  (f)  the  law  of forward  direction ,  in  conformity 
with  modern  histological  views. 

The  law  of  trophic  action  is  to  the  effect  that  the  nutrition 
of  nerve-fibres  is  dependent  upon  their  protoplasmic  con¬ 
nection  with  nerve-cells,  and  is  established  upon  the  follow¬ 
ing  data. 

Sections  1,  2,  3,  4,  5  produced  effects,  the  situation  and 
#  extent  of  which  are  indicated  by  the  blackened  tracts. 

The  law  of  forward  direction  is  to  the  effect  that  func¬ 
tional  impulses  pass  in  the  direction  of  the  arrows  from  I. 
to  VII.,  and  in  that  direction  only. 

No  attempt  has  been  made  to  represent  ‘'collateral’ 
connections.  Communication  between  III.  and  VI.,  and 
between  IV.  and  V.,  the  existence  of  which  we  are  forced 
to  infer  from  physiological  consideration,  is  indicated  by 
dotted  lines. 

The  cells  and  pericellular  networks  pointed  out  by 
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modern  histologists  are  indicated  by  black  circles  and 
surrounding  semicircles,  and  it  is  to  be  noticed  how  by 
their  disposition  the  figure  gives  expression  to  a  common 
hypothesis  embracing  the  facts  of  Wallerian  degeneration, 
and  the  probability  of  the  law  of  forward  direction  in  the 
nerve  circuit  in  so  far  as  it  may  conceivably  depend  upon  a 
valve  action  of  cells  and  pericellular  network.  The  data 
that  render  that  law  highly  probable  are  the  well-known 
facts  that  excitation  of  the  central  end  of  an  afferent  nerve, 
and  of  the  peripheral  end  of  an  efferent  nerve,  provokes 
movement,  while  that  of  the  peripheral  end  of  a  pure 
afferent  nerve,  or  of  the  central  end  of  a  pure  efferent 
nerve,  produces  no  effect. 

I  have  alluded  to  the  law  of  forward  direction  as  being 
“  highly  probable”  only,  inasmuch  as  there  are  experi¬ 
mental  data  on  record  contradictory  of  that  law,  which 
cannot  therefore  properly  be  presented  as  an  undisputed 
statement.  Gotch  and  Horsley,  while  confirming  the  fact 
that  impulses  up  the  efferent  root  cannot  act  retropulsively, 
conclude  that  efferent  or  retropulsive  impulses  can  pass 
down  afferent  channels.  Wundt  again  accepts  the  possi¬ 
bility  of  retropulsive  discharge  along  afferent  tracts  by 
admitting  that  a  hallucinatory  disturbance  of  the  brain  may 
be  propagated  down  the  optic  nerve  to  the  retina.  Never¬ 
theless,  on  a  balance  of  probabilities,  I  am  tempted  to  agree 
with  James,  who  regards  the  law  as  an  indubitable  truth 
rather  than  as  an  hypothesis. 1 
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1  And  Schafer,  in  his  recent  presidential  address  to  the  Neurological 
Society,  arrives  at  the  same  conclusion,  viz.,  “  that  the  ordinary  centrifugal 
paths  are  blocked  for  centripetal  impulses,  although  the  centripetal  paths 
may  convey  centrifugal  impulses,  this  physiological  difference  being  cor¬ 
related  with  a  difference  of  anatomical  relationship  at  the  junction  of  the 
respective  nerve-elements”. 
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ON  THE  ANTITOXINS  OF  DIPHTHERIA. 

AT  the  present  time  there  can  be  no  question  as  to  the 
nature  and  value  of  the  connection  between  the 
biological  sciences  and  applied  medicine.  Experimental 
science,  which  in  its  infancy  advanced  along  lines  widely 
separated  from  medicine,  has  now  become  closely  associated 
with  this,  and  to  an  extent  impossible  for  any  one  to  have 
predicted  a  quarter  of  a  century  ago.  This  is  especi¬ 
ally  evident  in  considering  the  present  state  of  preventive 
medicine,  which  is  often  erroneously  held  to  have  been 
developed  by  purely  legislative  measures,  while  the  exten¬ 
sive  researches  carried  out  in  the  laboratory  that  have 
really  created  the  subject  are  often  altogether  ignored. 
Inquiries  into  the  exciting  causes  of  infective  diseases  can 
be  carried  out  by  methodical  investigations  in  a  given  dis¬ 
trict,  or  by  experimental  researches,  and  the  latter,  beyond 
doubt,  has  proved  a  more  fruitful  source  of  knowledge, 
since  the  abundant  evidence  that  many  diseases  are  directly 
caused  by  bacteria  has  been  acquired  by  laboratory  work. 

A  study  of  the  etiology  or  causes  of  disease  must  of 
necessity  bring  the  inquirer  face  to  face  with  a  problem 
which  is  as  old  as  the  history  of  medicine  itself.  It  is  a 
matter  of  common  observation  that  certain  diseases  attack 
certain  individuals,  and  leave  others  unharmed.  The  ex¬ 
pression  of  this  in  its  widest  sense  is  found  in  the  concep¬ 
tions  of  susceptibility  and  immunity.  If  the  latter  state  is 
transferable  from  one  organism  to  another,  then  it  is 
obvious  that  the  former  may  be  entirely  abolished,  and  a  $ 
measure  of  this  nature  may  be  termed  prophylactic.  If,  on  the 
other  hand,  a  disease  already  developed  is  arrested  in  its 
progress  by  a  similar  experiment,  then  a  directly  curative 
principle  is  involved.  The  future  of  preventive  medicine, 
at  any  rate  from  the  bacteriological  view,  lies  in  solving  the 
problem  of  immunity,  and  this  has  now  entered  upon  a 
stage  of  great  interest.  Among  infective  diseases  diph¬ 
theria  has  recently  attracted  considerable  attention,  since 
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notwithstanding  a  steady  improvement  in  general  hygienic 
conditions  this  disease  has  steadily  increased,  especially  in 
towns  where  formerly  it  was  of  rare  occurrence,  and  in 
addition  to  this  undoubted  fact  the  daily  press,  both  in  this 
country  and  abroad,  has  during  the  last  few  months  de¬ 
scribed  with  more  or  less  accuracy  the  details  of  a  new 
treatment  for  diphtheria  which  has  been  extensively  prac¬ 
tised  on  the  continent,  and  is  now  upon  its  trial  in  this 
country. 

Diphtheria  is  allowed  by  every  one  to  be  a  contagious 
disease,  and  the  precise  diagnosis  of  this  can  only  be 
effected  by  bacteriological  examination.  In  this  way  it  is 
possible  to  differentiate  various  conditions  of  the  throat 
which  may  simulate  genuine  diphtheria,  a  malady  always 
associated  with  and  dependent  upon  the  presence  of  a 
bacillus  first  observed  by  Klebs  (i),  and  independently 
studied  and  cultivated  by  Loffler  (2)  in  1883.  This  ob¬ 
server  isolated  two  schizomycetes,  a  streptococcus  and  a 
bacillus,  from  diphtheritic  membrane.  “  The  latter  has 
the  same  length  as  the  bacillus  tuberculosis,  and  about 
double  the  thickness.  The  larger  rods  are  composed  of 
separate  links,  and  where  the  joints  occur  a  knot-like 
thickening  is  often  seen.  In  a- not  inconsiderable  number 
of  individuals  a  terminal  swelling  is  observed,  and  some¬ 
times  this  is  found  at  both  ends.”  The  bacillus  can  easily 
be  cultivated  as  a  saprophyte  upon  various  solid  and  liquid 
media.  It  grows  with  varying  degrees  of  vigour  in  bouillon 
or  milk,  in  urine  (3)  or  Ouchinsky’s  medium  (4);  on  coagu¬ 
lated  white  of  egg,  or  potato  slabs  made  alkaline,  and 
upon  gelatine,  glycerine-agar,  solid  blood  serum,  or  a 
mixture  of  this  with  bouillon.  The  latter,  known  as 
Loffler’s  blood  serum,  consists  of  a  mixture  of  three  parts 
of  serum  from  the  ox  and  sheep  added  to  one  part  of  beef 
bouillon,  and  this  medium  is  claimed  to  be  as  admirably 
adapted  for  the  growth  of  bacillus  diphtheriae  as  Pasteur’s 
fluid  is  for  yeast,  or  Raulin’s  fluid  for  aspergillus  niger. 
Loffler  (5)  himself  states  that  colonies  can  be  recognised 
four  hours  after  streaking  (and  Hesse  (6)  says  earlier  than 
the  third  hour),  since  the  growth  of  this  micro-organism  has 
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outstripped  that  of  any  other  bacteria  originally  associated 
with  it.  Practically  this  is  by  no  means  always  the  case, 
since  a  large  percentage  of  cultures  at  the  end  of  twenty- 
four  hours  show  vigorous  growths  of  streptococci  and  allied 
pyogenic  cocci.  Deycke  (7)  has  given  the  following 
formula  for  a  culture  medium  which  is  claimed  to  be  even 
more  sensitive  than  that  of  Loffler.  1  per  cent,  solid  alkali- 
albumin  prepared  by  Merck  of  Darmstadt,  *5  per  cent, 
sodium  chloride,  2  per  cent,  agar,  and  5  per  cent,  glycerine. 
This  is  neutralised  and  then  made  alkaline  by  the  addition 
of  1  per  cent,  soda  solution  containing  1  part  of  soda  to  2 
of  water.  With  this  medium  Wolff  (8)  has  isolated  diph¬ 
theria  bacilli  from  the  cavities  of  the  tympanum,  frontal 
sinuses  and  antrum  of  upper  jaw.  When  inoculated  into 
guinea  pigs  the  bacillus  gives  rise  to  a  diphtheritic  process 
which  may  be  followed  by  temporary  paralytic  symptoms 
similar  to  those  pathognomonic  of  human  diphtheria.  This 
micro-organism  can  therefore  be  experimentally  transferred 
from  man  to  animals,  but  there  is  no  evidence  sufficient  to 
prove  that  the  converse  can  take  place,  for  the  diphtheria 
which  affects  calves  and  pigeons  apparently  is  not  com¬ 
municable  to  man.  Oertel,  whose  work  marks  an  epoch 
in  the  diphtheria  question,  has  objected  that  the  experi¬ 
mental  disease  is  not  identical  with  that  observed  in  man, 
but  this  view  can  hardly  be  sustained  since,  as  Babes  and 
others  have  shown,  the  histological  changes  in  cases  of 
spontaneous  and  experimental  infection  are  identical  (38). 
Lofher’s  discovery,  at  first  received  with  some  hostility, 
has  been  abundantly  confirmed,  and  among  the  countless 
microbes  of  the  mouth,  nose  and  pharynx,  some  of  which 
are  pathogenic  and  some  harmless,  the  Klebs- Loffler 
bacillus  alone  is  capable,  when  present,  of  thriving  on  the 
mucous  membrane  and  causing  diphtheria.  For  other  in¬ 
flammations  of  the  throat  this  term  should  be  discarded, 
since  if  clinically  there  is  a  difficulty  of  diagnosis,  a  bacterio¬ 
logical  examination  may  be  relied  upon  to  afford  a  convincing 
distinction  between  true  and  pseudo-diphtheria,  though  it 
may  be  mentioned  that  Bacillus  diphtherise  may  exist  in  the 
mouth  without  giving  rise  to  any  symptoms  of  disease. 
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The  morphological  interest  of  the  microbe  lies  in  its 
polymorphic  character  which  is  exceedingly  well  marked 
in  cultures  upon  eggs,  and  in  the  production  of  involution 
forms.  A  spore  formation  does  not  exist.  The  distri¬ 
bution  of  the  bacillus  is  of  considerable  importance.  It  has 
been  found  in  the  secretions  of  the  throat  of  children  free 
from  diphtheria  as  late  as  the  twenty-fourth  or  thirty-first 
day  after  disappearance  of  the  disease  (9)  ;  that  this  was 
undoubtedly  the  specific  bacillus  was  proved  by  cultivation 
and  by  inoculation  experiments.  Sixty-five  days  after  all 
throat  symptoms  have  vanished  virulent  bacilli  capable  of 
establishing  diphtheria  in  guinea  pigs  have  been  shown  to 
exist  in  the  secretions  of  the  nose  (10).  The  demonstration 
of  pathogenic  bacteria  outside  the  body  in  water,  air,  or 
upon  articles  of  clothing,  is  a  matter  of  great  difficulty 
since  form  and  staining  behaviour  are  insufficient  criteria, 
and  in  order  to  establish  an  absolute  proof  any  suspected 
pathogenic  germ  must  exhibit  its  specific  action  upon  a 
susceptible  organism.  A  proof  of  this  nature  has  been 
given  for  Bacillus  diphtheriae  by  Park  (11)  and  Abel  (12). 
The  former  detected  the  microbe  in  the  dirty  linen  of  a 
patient  suffering  from  the  disease,  the  latter  on  a  child’s 
toy.  Wright  and  Emerson  (13)  have  also  furnished  absolute 
evidence  that  virulent  bacilli  can  be  recovered  from  the 
sweepings  of  the  floor  of  a  diphtheria  ward  and  from  the 
shoes  of  the  attendants.  The  biological  behaviour  of 
Bacillus  diphtheriae  outside  the  body  has  been  exhaustively 
studied  by  Fliigge  (14),  who  has  pointed  out  that  the 
microbes  will  preserve  their  vitality  as  long  as  nine  months. 
The  bacilli  if  dried  or  exposed  to  sunlight  die  rapidly,  and 
therefore  currents  of  air  cannot  be  a  vehicle  for  the  trans¬ 
mission  of  the  disease. 

The  physiological  behaviour  of  sub-cultures  of  the  Klebs- 
Loffler  bacillus  upon  agar  is  shown  by  a  diminution  in 
virulence,  while  an  augmentation  of  this  occurs  in  old 
bouillon  cultures.  Escherich  (15)  considers  that  the  rapid 
production  of  acid  when  the  bacillus  is  grown  upon  sugar 
bouillon  tinged  with  litmus  is  evidence  of  virulence.  When 
cultivated  upon  a  medium  containing  peptone,  Bacillus 
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diphtherise  produces  indol  and  oxidises  ammonia  to  nitrite 
so  that  a  characteristic  red  colour  may  be  obtained  by  the 
addition  of  acid  to  cultures  three  weeks  old  (16).  Both 
inside  and  outside  the  body  toxins  are  developed,  and  these 
appear  in  a  bacterial-free  filtrate.  The  toxins  on  injection  will 
produce  diphtheria  equally  with  the  introduction  of  virulent 
bacilli,  and  since  the  inoculated  micro-organisms  multiply 
at  the  seat  of  the  original  lesion,  and  do  not  wander  at  all, 
or  only  to  a  slight  degree  with  the  tissues  of  the  body  (17), 
the  bacillus  belongs  to  that  group  of  toxic  micro-organisms 
which  also  includes  the  micro-organisms  of  tetanus  and 
possibly  of  typhoid  fever.  From  the  tissues  of  those  who 
have  succumbed  to  diphtheria,  as  Martin  (18)  and  others 
have  shown,  toxic  substances  which  appear  to  be  proteids 
may  be  recovered.-  The  toxins  of  a  bacterial  filtrate  and 
those  separated  from  the  dead  body  appear  to  be  different 
in  many  respects.  The  former  are  considered  to  be  fer¬ 
ments  or  enzymes,  which  are  probably  the  result  of  the 
exchange  of  material  effected  by  the  bacillus,  though 
according  to  Buchner  they  are  disintegration  products, 
or  proteines  derived  from  the  protoplasm  of  the  micro¬ 
organism.  Notwithstanding  most  elaborate  researches 
into  the  chemical  and  physical  nature  of  the  toxins  or 
toxin  of  Bacillus  diphtherise,  and  repeated  attempts  to 
isolate  them  in  a  state  of  purity,  little  is  known  beyond  the 
specific  effects  which  follow  the  injection  of  these  substances 
into  animals. 

If  it  can  be  affirmed  that  a  disease  is  caused  by  the 
invasion  of  specific  microbes,  or  their  products,  attempts  to 
destroy  these  would  be  a  strictly  scientific  procedure  ;  in 
other  words,  attempts  to  disinfect  the  living  body.  Quinine, 
salts  of  mercury,  iodine  or  salicylic  acid  are  powerful  dis¬ 
infectants,  and  also  valuable  drugs  frequently  employed  in 
the  treatment  of  diseases  produced  by  the  spread  of  bacteria 
in  the  body.  In  order  to  accomplish  a  disinfection  of  the 
living  body  numerous  experiments  have  been  made,  but  the 
results  were  unfavourable,  until  Behring  and  his  colleagues 
Knorr  and  Boer  announced  that  this  was  possible  in  certain 
diseases,  such  as  anthrax,  tetanus  and  diphtheria ;  tri- 
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chloride  of  iodine  especially  was  found  to  possess  a  distinctly 
curative  power.  At  the  time  this  was  ascertained  the 
advocates  of  two  rival  theories  as  to  the  origin  of  immunity 
were  engaged  in  hostile  criticism.  Metchnikoff,  the  founder 
of  the  doctrine  of  phagocytosis,  and  Behring,  who  held  to 
the  bactericidal  properties  of  such  fluids  of  the  body  as 
blood  serum  and  lymph,  were  in  direct  scientific  antagonism, 
which  led  to  renewed  researches  into  the  question  of  im¬ 
munity,  and  resulted  in  an  epoch-making  discovery.  Beh¬ 
ring  conclusively  showed  that  in  several  diseases,  among 
which  diphtheria  was  included,  serum  yielded  by  the  blood 
of  an  animal  rendered  artificially  immune  exerted  no  bacteri¬ 
cidal  action  upon  the  bacillus  of  the  disease,  but  was  appar¬ 
ently  capable  of  destroying  the  toxins  produced  by  the 
bacillus.  Antitoxic  bodies  are  therefore  presumably  present 
in  the  blood  of  animals  which  are  made  immune,  and  serum 
from  such  an  animal  can  be  both  protective  and  curative; 
an  already  developed  disease  can  be  permanently  arrested 
by  the  introduction  of  serum  charged  with  antitoxins. 
Upon  this  discovery,  which  is  undoubtedly  the  greatest 
contribution  that  bacteriology  has  at  present  rendered  to 
practical  medicine,  rests  the  treatment  of  diphtheria  by 
antitoxic  serum.  The  details  just  briefly  mentioned  have 
been  known  for  years,  and  the  recent  interest  which  has 
been  aroused  is  due  to  the  evidence  adduced  by  Roux  in 
favour  of  the  value  of  serum  as  a  therapeutic  agent  at  the 
recent  Congress  of  Hygiene  in  Buda-Pesth. 

It  is  a  purely  medical  question  whether  the  mortality  of 
the  disease  under  treatment  diminishes  by  antitoxic  serum, 
but  sufficient  evidence  has  now  been  collected  to  convince 
the  most  sceptical  that  the  subcutaneous  injection  of  serum  is 
a  valuable  therapeutic  agent.  The  various  preparations  of 
serum  obtained  in  this  country  and  from  abroad  differ  con¬ 
siderably  in  antitoxic  power,  and  also  in  the  dose  which 
should  be  employed.  A  recent  paper  by  Janowski  (19) 
deals  fully  with  the  variations  in  strength  of  the  prepara¬ 
tions  employed  by  Behring,  Roux  and  Aronson.  The 
remedy  is  harmless,  though  a  transient  inflammation  of  the 
skin,  which  may  be  accompanied  by  slight  pains  in  the 
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joints,  is  occasionally  produced.  Since  diphtheria  is  at  first 
a  purely  local  disease,  Loffler  has  brought  forward  a  method 
of  treatment  which  is  claimed  to  have  had  a  success  not 
inferior  to  that  of  antitoxic  serum.  The  application  of  an 
alcoholic  solution  of  36  per  cent,  of  toluol  and  4  per  cent, 
liquor  ferri  sesquichloratis  at  frequent  intervals  was  exten¬ 
sively  used  in  Greifswald  during  an  epidemic  of  diphtheria  in 
1893-1894.  Not  a  single  patient  out  of  seventy-one  treated 
in  this  manner  succumbed  (20).  The  anti-diphtherin,  pro¬ 
posed  as  a  local  remedy  by  Klebs  (21),  does  not  appear  to 
have  been  followed  by  any  results  comparable  to  the  success 
obtained  by  antitoxic  serum  or  Lofifier’s  fluid  (22). 

Behring,  the  real  founder  of  serum  therapeutics,  has 
given  elaborate  directions  for  rendering  animals  immune. 
The  degree  to  which  this  is  possible  varies  in  different 
species,  but  serum  of  great  antitoxic  power  can  only  be 
obtained  if  very  virulent  toxins  are  employed.  Horses, 
dogs,  cows,  goats,  sheep,  rabbits  and  guinea  pigs  can  all 
reach  various  grades  of  immunity  by  repeated  subcutaneous 
injections  of  diphtheria  toxin  in  steadily  increasing  doses,  a 
method  which  was  devised  by  Ehrlich  (23).  Originally 
Behring  recommended  that  trichloride  of  iodine  should  be 
mixed  with  the  first  injections,  and  Roux  (24),  who  works 
with  a  toxin  prepared  by  the  growth  of  Bacillus  diphtheriae  on 
a  thin  stratum  of  peptone-veal-bouillon  exposed  to  a  current 
of  damp  air,  adds  to  the  first  dose  one-tenth  the  volume  of 
'3  per  cent,  solution  of  iodine.  The  results  obtained  by 
Wernicke  (25),  though  not  of  practical  use,  are  exceedingly 
interesting.  He  has  shown  that  dogs  can  reach  a  high 
degree  of  immunity  if  they  are  fed  with  the  flesh  of  sheep 
dead  from  diphtheria,  or  from  such  as  had  been  rendered 
immune.  The  dogs  are  found  to  yield  antitoxic  serum 
in  both  experiments,  and  this  is  claimed  also  to  be  effica¬ 
cious  in  the  treatment  of  the  disease  in  man.  A  method 
employed  by  Dr.  Klein  is  described  in  the  March  number 
of  “  Science  Progress  ”  for  1895  ;  the  immunising  of  horses 
being  effected  by  repeated  injections  of  large  doses  of  living 
virulent  bacilli.  Whatever  method  may  be  employed  to 
confer  immunity,  a  high  grade  is  only  reached  after  some 
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months,  and  this  condition  tends  to  disappear,  but  so  long 
as  immunity  exists,  the  blood,  milk  and  muscles  of  the 
animal  yield  antitoxins,  which  may  be  separated  and  dis¬ 
solved  in  eight  to  ten  times  the  weight  of  water.  Beyond 
doubt  the  most  valuable  remedy  is  serum  preserved  in 
sterilised  flasks.  A  piece  of  camphor  should  be  added,  and 
the  fluid  protected  from  light. 

Human  beings  suffering  from  diphtheria  may  be  con¬ 
sidered  to  recover  from  the  disease  since  the  toxin  of  the 
bacillus  encounters  antitoxins  that  either  pre-exist  or  are 
developed  in  the  body  as  the  results  of  the  struggle  of  the 
cells  of  the  organism  against  the  deadly  action  of  the 
diphtheria  poison.  Consequently,  in  patients  who  are 
convalescent,  antitoxins  should,  if  this  view  is  correct, 
be  present  in  the  organism.  In  the  case  of  typhoid  fever 
this  question  has  been  admirably  worked  out  by  Stern  (26) ; 
the  serum  of  patients  dead  or  convalescent  from  this  disease 
possesses  a  destructive  power  upon  the  Bacillus  typhosus  and 
its  products.  The  serum  of  persons  convalescent  from 
diphtheria  is  found  also  to  be  antitoxic.  The  experiments 
of  Escherich  and  Klemensiewicz  proved  that  such  serum 
has  a  marked  protective  power,  and  more  recently  Rudolf 
Abel  found  five  out  of  six  convalescent  patients  yielded 
antitoxic  serum  (27).  The  efficacy  of  this  was  tested  upon 
guinea  pigs  by  introduction  of  serum  subcutaneously,  or 
into  the  peritoneum,  and  then  twenty-four  to  forty-eight 
hours  later  a  lethal  dose  of  diphtheria  toxin  was  adminis¬ 
tered.  The  antitoxic  value  of  the  serum  is  at  a  maximum 
about  the  tenth  day  after  the  membrane  in  the  throat  has 
disappeared.  A  fact,  however,  must  be  noticed  which 
conforms  with  the  experiments  made  by  Stern  on  typhoid 
fever,  that  apparently  healthy  persons  yield  antitoxic  serum, 
indeed  five  out  of  six  who  were  examined.  Possibly  in 
this  discovery  of  protective  bodies  in  the  naturally  immune 
organism  may  lie  a  partial  solution  of  the  mystery  of  immunity. 

The  chemical  and  physical  properties  of  the  bodies 
which  give  to  serum  an  antitoxic  power  are  almost  un¬ 
known.  Like  the  toxin  of  the  bacillus  these  are  destroyed 
by  heat,  coagulated  by  alcohol,  and  tend  to  adhere  to  bulky 
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precipitates.  Wassermann  (28)  has  described  an  elaborate 
method  for  concentrating  antitoxin  from  milk  yielded  by 
goats  which  have  been  rendered  immune  to  diphtheria.  The 
whey  is  separated  by  acidification  with  hydrochloric  acid 
and  rennet,  then  shaken  with  excess  of  chloroform  and 
allowed  to  stand.  By  this  means  a  clear  supernatant  liquid 
free  from  fat  and  bacteria  is  obtained.  On  treatment  with 
33  per  cent,  ammonium  sulphate  proteid  bodies  together 
with  antitoxins  are  precipitated.  This  filtrate  is  collected 
and  placed  on  slabs  of  unbaked  clay  in  a  vacuum.  The 
excess  of  ammonium  sulphate  is  pressed  out  of  the  pre¬ 
cipitate,  and  this  when  dissolved  in  an  amount  of  water  equal 
in  bulk  to  the  original  whey  gives  a  solution  ten  times  the 
original  strength  of  the  milk,  so  that  ‘9  gramme  of  toxin 
is  neutralised  by  *125  ccm.  of  the  solution.  Interesting  as 
are  such  observations  they  do  not  essentially  advance  our 
knowledge  of  the  antitoxin.  No  one  has  ever  seen  this 
substance,  and  the  term  itself  is  possibly  of  doubtful  value. 

Under  Nencki’s  direction  a  renewed  study  of  antitoxic 
serum  has  been  made  by  Smirnow  (29),  who,  on  finding 
that  the  results  obtained  by  the  use  of  oxidising  and  re¬ 
duction  processes  were  only  negative,  employed  a  current 
of  about  160  milliamperes  to  electrolyse  the  fluid. 
Directly  the  current  traverses  the  serum  bubbles  of  gas 
develop  at  both  the  negative  and  positive  electrode,  and  a 
turbid  precipitate  collects  at  the  former.  This  ultimately 
clears  up  to  a  large  extent,  and  an  acid  reaction  is  de¬ 
veloped  in  the  serum  at  this  pole,  while  at  the  positive 
electrode  the  fluid  is  perfectly  clear  and  alkaline.  This 
observer,  moreover,  considers  that  serum-albumin  in  the 
blood  is  modified  rather  than  the  globulins,  and  after 
electrolysis  antitoxic  serum  has  wholly  lost  its  power  as  a 
protective  measure  against  diphtheria.  Without  throwing 
any  doubt  upon  the  facts  which  have  been  detailed,  it  is, 
however,  most  unlikely  that  any  information  as  to  the 
nature  of  antitoxin  can  be  gained  by  such  a  method,  for 
serum  is  a  fluid  of  the  greatest  complexity,  and  as  to  the 
molecular  structure  of  the  proteids  in  that  fluid  absolutely 
nothing  is  known.  A  continuation  of  Smirnow’s  researches 
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is  still  more  remarkable.  Diphtheria  toxin  is  obtained 
by  growth  of  the  bacillus  on  serum  or  nutrient  media,  in 
which  serum-albumin  or  serum-globulin  is  the  chief  con¬ 
stituent.  Toxins  are  produced  in  the  first  two  fluids,  but 
not  in  the  last,  since  the  bacillus  thrives  very  badly  on 
serum-globulin,  and  produces  no  toxin  at  all.  By  elec¬ 
trolysis  of  the  filtrate  of  virulent  cultures,  the  existing 
toxins  disappear,  and  the  fluid  becomes  powerfully  anti¬ 
toxic.  That  toxins  are  destroyed  by  a  current  of  500 
milliamperes  for  two  hours  is  a  fact  beyond  all  doubt,  and 
this  destructive  effect  also  is  exhibited  on  enzymes,  such  as 
pepsin  or  trypsin  (30).  The  introduction  of  this  artificial 
antitoxic  fluid  is  curative  for  rabbits  which  have  received  a 
lethal  dose  of  toxin  some  hours  previously,  and  this  effect 
resembles  that  seen  when  ordinary  antitoxic  serum  is  em¬ 
ployed.  The  relations  which  may  exist  between  diphtheria 
toxin  and  antitoxin  are  supported  by  the  evidence  adduced 
that  the  more  toxic  the  toxin,  the  more  antitoxic  the  anti¬ 
toxin.  The  latter  is  not  destroyed  by  boiling,  and  is  an 
effectual  therapeutic  remedy.  These  experiments  have 
only  recently  been  published,  and  they  certainly  do  support 
the  contention  of  many  bacteriologists  that  antitoxins  which 
do  not  exist  in  naturally  immune  animals  such  as  the 
rat  until  toxins  have  been  introduced  into  the  body,  are 
derived  from  the  toxin  itself  (31).  Moreover,  the  passage 
ol  a  current  through  living  cells  which  contain  an  ante¬ 
cedent  stage  of  such  a  ferment  as  trypsin  can  effect  a 
production  of  the  ferment  itself.  Smirnow’s  work  at  any 
rate  marks  a  new  method  of  research  on  the  nature  of 
antitoxins,  though  the  nature  of  these  bodies  still  remains 
a  mystery. 

Researches  on  the  toxic  properties  of  abrin,  ricin  and 
robin  made  by  Ehrlich  proved  that  antitoxic  bodies  leave 
the  organism  in  the  milk.  The  same  holds  good  when 
diphtheria  toxin  is  used  in  small  doses,  gradually  increas¬ 
ing  in  amount  so  as  to  produce  a  high  grade  of  immunity 
in  goats  (32).  The  therapeutic  value  of  milk  is  dependent 
upon  the  amount  of  antitoxins  present,  and  contrasted  with 
an  equal  quantity  of  blood  the  ratio  is  1  :  20.  Although  milk 
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therefore  has  a  weaker  antitoxic  value,  the  total  amount  of 
antitoxins  lost  in  a  long  interval  of  time  exceeds  that 
yielded  by  blood.  In  a  month  a  goat  will  yield  30  litres 
of  milk,  which  corresponds  to  about  ij  litres  of  blood, 
an  amount  in  excess  of  what  can  be  taken  from  the 
animal  in  the  same  time.  The  antitoxins  in  milk  can 
be  concentrated  by  Wassermann’s  method,  and  employed 
as  a  practical  therapeutic  agent. 

The  properties  of  the  blood-serum  of  animals  rendered 
artificially  immune  to  diphtheria  are  not  exerted  upon  the 
bacillus,  but  upon  the  toxins  of  this,  both  inside  and  outside 
the  body  ;  the  effect  in  the  organism  and  in  a  test-tube  is 
the  same.  The  chemistry  of  this  reaction  is  not  under¬ 
stood,  but  the  poison  is  considered  to  be  neutralised,  or  its 
action  to  be  balanced,  by  bodies  spoken  of  as  antitoxins. 
Quantitative  tests  show  that  if  a  certain  amount  of  anti¬ 
toxic  serum  is  sufficient  for  neutralisation  in  vitro ,  an 
amount  at  least  five  times  greater  is  necessary  when  this 
is  to  counteract  the  same  amount  of  toxin  in  the  body, 
though  it  is  immaterial  whether  the  introduction  of  antitoxic 
bodies  takes  place  at  the  seat  of  the  injection  of  toxin  or 
in  some  other  part  of  the  body.  In  such  experiments  are 
the  bacilli  or  the  toxins  destroyed  ?  The  evidence  to 
decide  this  is  most  conflicting.  Buchner  considers  that  the 
poison  is  not  destroyed  either  inside  or  outside  the  body, 
and  when  protective  substances  appear  in  the  blood  of 
immune  animals  these  bodies  are  themselves  introduced 
with  the  toxin,  or  possibly  are  actually  identical  with  the 
toxins  themselves ;  in  other  words,  the  condition  of  ac¬ 
quired  immunity  is  specific,  and  wholly  different  from 
natural  resistance,  a  term  that  should  be  restricted  to  such 
cases  as  can  be  noticed  in  the  rat,  the  blood  of  which 
animal  possesses  no  antitoxic  substances,  and  therefore  the 
resistance  shown  to  diphtheria  bacilli  or  toxins  must  be 
fundamentally  different  from  acquired  immunity  (33).  That 
the  poison  is  not  necessarily  destroyed  is  made  clear  by  the 
following  observation  :  Guinea  pigs  are  treated  with  anti¬ 
toxic  serum  after  the  introduction  of  a  lethal  dose  of  toxin, 
and  these  do  not  succumb,  while  the  same  experiment  on 
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guinea  pigs  of  the  same  weight  which  have  undergone 
previous  inoculations  of  small  doses  of  toxin  from  which 
they  have  perfectly  recovered  causes  death  (34).  Several 
deductions  may  be  drawn  from  these  experiments,  but  most 
probably  the  results  are  dependent  upon  an  artificial  weaken¬ 
ing  of  the  organism  in  the  latter  case.  Upon  the  bacilli  of 
diphtheria,  antitoxic  serum  exerts  no  destructive  power ; 
the  bacilli  may  even  grow  more  vigorously  upon  the  serum  of 
immunised  animals  than  upon  that  of  normal  individuals  (35). 

The  views  originally  held  by  Behring — that  “passive 
immunity,”  a  term  first  employed  by  Ehrlich,  which  can  be 
established  by  the  injection  of  the  blood-serum  of  an  im¬ 
munised  animal,  is  a  simple  transport  of  something  which 
has  caused  the  immune  condition — have  undergone  but 
little  change  since  the  date  of  his  original  discovery  in 
1890  (36).  In  his  most  recent  paper  (37)  he  maintains  that 
specific  antitoxins  have  only  been  found  in  the  blood  of  im¬ 
munised  animals.  An  organism  which  is  perfectly  healthy 
is  absolutely  unaffected  by  injection  of  antitoxic  serum  ;  it 
is  only  a  diphtheria-stricken  organism  which  responds  to 
the  injection.  The  antitoxin  of  diphtheria  is  protective 
and  curative  only  for  this  specific  malady,  and  other 
diseases  which  have  been  treated  by  antitoxic  serum  are 
only  benefited  when  the  serum  employed  has  been  obtained 
from  animals  rendered  artificially  immune  to  the  particular 
disease  which  it  is  desired  to  heal.  The  antitoxin  which 
exists  in  the  body  arises  by  the  action  of  the  toxin  on 
certain  proteids  of  the  organism.  The  fever  and  general 
constitutional  disturbances  which  supervene  on  injection  of 
toxin  indicates  that  the  organism  attempts  to  actively  de¬ 
fend  itself  against  the  entry  of  the  poison.  As  the  result 
of  this  antitoxins  become  developed,  and  in  such  an  amount 
that  not  only  may  the  toxin  be  rendered  inert  and  harm¬ 
less,  but  the  excess  may  be  utilised  by  transference  to 
another  animal.  Curative  effects  can  also  at  times  be 
obtained  by  the  introduction  of  toxins  which  have  been 
weakened  in  virulence  by  chemical  or  physical  agents, 
instead  of  antitoxic  serum.  This  is  an  especially  valuable 
treatment,  not  for  an  acute  diphtheria,  but  for  the  paralytic 
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sequelae  of  the  disease,  which,  as  is  well  known,  do  not  in 
any  way  improve  on  giving  antitoxic  serum.  It  is  im¬ 
possible  to  doubt  from  this  short  resume  that  Behring 
still  holds  that  an  essential  destruction  of  toxin  results 
from  an  accumulation  of  antitoxin  in  the  body,  and  in  the 
case  of  diphtheria  the  crucial  experiment  to  decide  this 
point  is  wanting,  since  at  the  present  time  it  is  impossible 
to  separate  the  toxin  and  antitoxin  which  occur  in  one 
fluid.  Both  these  bodies  we  recognise  by  their  effects  ; 
by  no  other  means  can  their  identity  be  established.  Allow¬ 
ing  that  they  may  be  proteid  in  nature,  a  knowledge  of 
them  will  only  be  possible  when  more  extended  information 
has  been  gained  of  the  nature  and  constitution  of  proteids. 

Since  Behring’s  discovery  it  has  been  established  that 
the  serum  of  immunised  animals  is  prophylactic  and  curative 
for  many  other  diseases  besides  diphtheria.  For  many  in¬ 
fective  maladies,  among  which  pneumonia,  cholera,  typhoid, 
hog-cholera  may  be  mentioned,  this  has  been  abundantly 
proved  by  the  researches  of  F.  and  G.  Klemperer,  Issaef, 
Pfeiffer,  Sanarelli  and  Metchnikoff,  while  a  recent  research 
by  Viquerat  appears  to  show  that  patients  suffering  from  acute 
suppuration,  associated  with  pyogenic  bacteria,  may  yield  a 
serum  which  is  curative  when  injected  in  the  neighbourhood 
of  abscesses  (38).  The  universal  application  of  Behring’s 
theory  of  antitoxins  is,  however,  limited,  since  in  tetanus 
and  diphtheria  the  toxins  of  bacilli  are  neutralised  or 
destroyed,  but  in  other  diseases  the  serum  protects  not 
against  infection  with  toxins,  but  against  infection  with 
living  bacteria.  In  this  case  it  is  possible  that  the  cells 
of  the  organism,  even  if  they  do  not  ingest  and  destroy  the 
invading  microbes,  as  Metchnikoff  affirms,  are  roused  or 
stimulated  so  as  to  oppose  the  spread  of  infective  micro¬ 
organisms  or  the  products  of  these  throughout  the  body. 
In  the  case  of  protection  against  diphtheria  the  antitoxin 
which  appears  is  therefore  to  be  looked  upon  as  the  product 
ot  living  cells,  or  as  a  metabolite  occurring  under  special 
conditions,  one  of  which  may  be  the  stimulation  of  the 
cell  by  the  toxin.  That  antitoxins  are  products  of  living 
cells  may  possibly  be  inferred  from  the  observation  of  F. 
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Klemperer,  who  has  pointed  out  that  immune  fowls  lay  eggs 
which  contain  antitoxins  only  in  the  yolk,  the  surround¬ 
ing  albumin  being  only  a  cell-envelope  has  no  antitoxic 
power.  If  the  cells  of  the  organism  react,  and  a  develop¬ 
ment  of  antitoxin  is  the  expression  of  this,  protective 
bodies  of  the  same  nature  might  conceivably  arise  in  re¬ 
sponse  to  stimuli  other  than  specific  toxin.  This  may 
be  a  partial  solution  of  the  therapeutic  effects  which  follow 
injection  of  antitoxic  serum  in  cases  of  diphtheria.  The 
material  introduced  does  not  act  directly  upon  the  toxin,  but 
indirectly  does  so  by  operating  as  a  stimulus  to  the  cells  of 
the  organism,  which  are  then  capable  of  producing  chemical 
bodies  which  destroy  the  toxin,  and  such  substances  may 
be  antitoxic  in  character.  This  conception  is  largely  due 
to  Roux,  and  under  his  direction  Calmette,  Phisalix  and 
Bertrand  have  shown  that  no  specific  action  can  be  claimed 
for  antitoxic  serum.  These  observers  have  discovered 
that  the  serum  of  animals  which  have  been  rendered  im¬ 
mune  against  cobra  poison  is  antitoxic  both  in  the  body  and 
in  vitro.  In  the  latter  case,  on  warming  the  mixture  to  7 o°, 
the  antitoxin  is  destroyed,  the  toxin  remaining  unaltered, 
from  which  it  may  be  concluded  that  the  toxin  remains 
active  side  by  side  with  the.  antitoxin.  Moreover,  the 
serum  of  animals  immune  to  rabies  or  tetanus  is  powerfully 
antitoxic  to  cobra  venom.  From  these  observations  the 
products  of  cell  activity  which  accumulate  in  the  blood  of 
animals  immune  to  tetanus,  diphtheria,  or  cobra  poison,  are 
all  of  an  antitoxic  character  similar  in  nature,  and  the  view 
that  antitoxic  serum  is  specific  for  a  definite  bacillus  or 
its  products  must  be  modified. 

The  practical  results  of  serum  as  a  therapeutic  agent  in 
diphtheria  have  exceeded  the  most  sanguine  expectations. 
Every  civilised  country  has  already  established  institutes 
from  which  supplies  of  serum  can  be  obtained  for  the  treat¬ 
ment  of  this  disease.  Not  only  diphtheria,  but  also  trau¬ 
matic  tetanus,  which  formerly  was  without  exception  fatal, 
has  been  successfully  treated  with  antitoxic  serum,  and 
more  than  a  hundred  cases  have  been  collected  in  which 
there  is  a  large  percentage  of  recovery.  Enthusiasts  regard 
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serum-therapy  as  the  treatment  of  the  future  for  infective 
diseases.  On  this  point  judgment  must  be  suspended ; 
at  present  it  is  sufficient  to  have  established  a  proof  that 
bacteriology,  the  youngest  of  the  sciences  which  support 
medicine,  has  not  only  placed  the  etiology  of  many  diseases 
upon  a  sound  foundation,  but  has  also  contributed  a  marked 
advance  in  treatment. 
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METHODS  OF  PETROGRAPHICAL  RESEARCH. 


IF  we  were  required  to  fix  an  epoch  from  which  modern 
Petrology  might  date  its  progress,  we  should  perhaps 
with  most  justice  select  the  year  1815,  in  which  Louis 
Cordier  produced  his  Memoire  sur  les  substances  minerales 
elites  “ en  masse"  qui  entrent  dans  la  composition  des  roches 
volcaniques  de  tons  les  ages .  The  title  itself  is  a  landmark 

in  the  history  of  geology.  The  so-called  “  massive  felspar  ” 
and  other  substances  constituting  the  ground-mass  of  many 
lavas  were,  eighty  years  ago,  generally  regarded  as  homo¬ 
geneous  minerals,  and  the  conception  of  “volcanic  rocks  of 
all  ages  ”  was  then,  far  from  being  the  common-place  which 
it  is  at  the  present  day.  The  French  geologist  demon¬ 
strated  conclusively  that  the  compact  ground-mass  of  very 
many  porphyritic  rocks  is  in  reality  only  a  very  fine-textured 
aggregate  °f  two  or  more  minerals,  and  that  these  minerals 
are  identical  with  those  already  familiar  as  porphyritic  ele¬ 
ments  in  the  same  rocks.  A  discovery  of  such  moment  so 
lucidly  set  forth  is  not  easily  paralleled. 

Scarcely  less  interesting  are  the  methods — in  great 
measure  original — by  which  Cordier  was  enabled  to  arrive 
at  such  results  at  a  time  long  anterior  to  the  introduction  of 
thin  slices  of  rocks.  The  microscope  was  for  the  first  time 
systematically  employed  in  petrological  research,  though 
only  with  low  powers,  for,  working  upon  fragments  of  ir¬ 
regular  form  obtained  by  crushing,  Cordier  was  compelled 
to  sacrifice  amplification  to  definition.  The  form,  lustre, 
colour,  transparency,  etc.,  of  the  mineral  fragments  were 
thus  studied,  while  other  characteristics  were  found  in  the 
brittleness  or  toughness  of  a  mineral  under  the  pestle,  the 
“feel”  of  its  powder,  etc.  In  some  cases  the  process  of 
“  mechanical  analysis”  thus  devised  was  aided  by  levigation 
in  water,  and  by  the  use  of  a  bar-magnet  to  separate 
different  minerals  in  the  pounded  rock.  The  blow-pipe, 
used  by  De  Saussure  thirty  years  earlier,  was  revived  and 
its  application  perfected,  so  as  to  determine  with  consider- 
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able  precision  the  fusibility  of  a  mineral  on  the  Wedgewood 
scale  ;  while,  by  a  further  refinement,  the  mutual  reactions 
of  two  minerals  before  the  blow-pipe  were  utilised  in  the 
identification  of  the  minute  fragments  investigated. 

These  various  methods  clearly  demanded  considerable 
skill  and  patience,  and  this  is  doubtless  one  reason  why  the 
new  field  opened  out  by  Cordier’s  memoir  remained  so  long 
almost  uncultivated.  None  the  less  must  he  be  regarded 
as  the  pioneer  in  this  line  of  research,  and  indeed  some  of 
the  devices  now  in  vogue  among  petrologists  are  no  more 
than  adaptations  and  improvements  of  those  noticed  above. 
The  use  of  the  blow-pipe  in  chemical  and  mineralogical 
investigations  has,  of  course,  been  greatly  developed,  partly 
with  the  aid  of  special  fluxes  or  solvents.  Another  kind  of 
flame-test,  closely  following  Cordier’s  lines,  is  the  method 
elaborated  by  Szabo  (1876)  for  discriminating  the  various 
felspars  in  small  fragments.  Here  the  criterion  of  relative 
fusibility  is  used  in  conjunction  with  Bunsen’s  flame-colora¬ 
tion  tests.  Szabo’s  method  has  been  employed  with  advantage 
by  several  petrologists,  and  various  devices  have  been  utilised 
by  Cole  (1)  and  others  to  simplify  the  practice  of  it. 

As  a  method  of  precision  for  identifying  minerals  by 
observation  of  their  melting-points  and  their  behaviour  at 
high  temperatures  must  be  mentioned  Joly’s  “  meldometer  ” 
(2).  In  this  the  finely  ground  material  is  examined  under 
a  low  power  of  the  microscope  upon  a  narrow  platinum 
ribbon,  which  can  be  raised  to  any  desired  temperature  by 
the  passage  of  a  regulated  electric  current.  The  observa¬ 
tions  may  be  comparative,  or  the  actual  temperature  may 
be  ascertained  with  considerable  accuracy  by  means  of  a 
device  for  measuring  the  expansion  of  the  platinum  ribbon. 
It  is  evident  that  this  instrument  is  capable  of  numerous 
important  applications. 

Coming  to  methods  of  mechanical  analysis,  we  may 
note  first  that  for  Cordier’s  bar-magnet  Fouque  (1876)  and 
other  experimenters  have  substituted  a  powerful  electro¬ 
magnet,  which  attracts  in  varying  degree  all  the  iron-bearing 
minerals.  Dolter,  in  particular,  has  shown  (1882)  how,  by 
gradually  increasing  the  strength  of  the  current,  the  several 
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constituents  of  a  crushed  rock  may  be  partially  separated, 
magnetite,  ilmenite,  augite,  hornblende,  olivine,  etc.,  being 
picked  out  successively  ;  but  this  refinement  does  not  seem 
to  have  come  into  general  use. 

Cordier’s  method  of  levigation  in  water  is  too  tedious 
and  too  imperfect  to  be  of  much  use  in  separating  such 
minerals  as  felspars  and  pyroxenes  by  their  not  widely 
different  specific  gravities.  For  isolating  the  microscopic 
crystals  of  exceptionally  dense  minerals  (zircon,  rutile, 
anatase,  monazite,  etc.)  from  crushed  or  decomposing 
crystalline  rocks,  however,  it  has  been  used  with  success 
by  some  workers,  eg.,  by  Thtirach,  who  has  given  an 
account  of  the  process  adopted  by  him  (3).  The  method 
was  originally  borrowed  from  the  miners,  and  Derby  (4) 
and  other  workers  have  made  use  of  the  “batea”  or 
washing-pan  of  the  Brazilian  diamond-seekers.  In  this 
country  Dick  (5)  and  others  have  used  a  similar  device 
for  separating  the  denser  minerals  from  sands. 

Notwithstanding  these  special  applications,  it  is  manifest 
that  the  separation  of  minerals  by  their  different  densities 
can  be  in  general  but  very  imperfectly  effected  by  means 
of  a  liquid  like  water,  much  less  dense  than  any  of  the 
minerals.  To  surmount  this  difficulty  recourse  has  been 
had  to  special  “heavy  solutions,”  by  which  the  majority  of 
minerals  met  with  can  be  separated  hydrostatically.  The 
two  most  familiar  to  petrologists  are  Thoulet’s  (1878), 
which  is  potassium-mercuric  iodide,  and  Klein’s  (1881), 
cadmium  boro-tungstate.  Both  can  be  prepared  of  specific 
gravities  exceeding  those  of  most  rock-forming  minerals, 
and  can  be  diluted  down  as  required,  so  that  the  floating 
mineral  -  grains  sink  successively  in  the  order  of  their 
densities,  and  can  be  removed  in  turn.  It  is  unnecessary 
to  give  in  this  place  the  methods  of  using  these  dense 
solutions,  to  describe  the  special  apparatus  for  facilitating 
their  use,  or  to  mention  other  liquids  which  have  been 
employed,  some  of  superior  density  to  the  above,  but  with 
practical  drawbacks.  Good  accounts  have  been  given  by 
Cohen  (6)  and  others,  and  are  summarised  in  the  text-books 
of  Rosenbusch  and  Zirkel. 
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More  recently,  however,  Sollas  (7)  has  devised  an  in¬ 
genious  application  of  heavy  liquids,  which  deserves  to  be 
widely  known.  By  suitable  dilution  a  series  of  Klein’s 
solutions  are  prepared  ranging  in  specific  gravity,  say,  from 
3*3  to  2*5.  Equal  portions  of  these  are  introduced  in  order, 
without  mixing,  into  a  vertical  tube  of  diameter  three- 
quarter  inch  or  an  inch.  When  this  has  stood  undisturbed 
for  perhaps  twenty-four  hours,  it  is  found  that  diffusion  has 
proceeded  just  far  enough  to  give  a  column  of  almost 
uniformly  graduated  density  from  bottom  to  top,  and  so 
slow  is  the  movement  of  the  salt  in  solution  that  the 
“diffusion-column”  so  obtained  can  be  used  for  several 
days.  Into  it  is  introduced  the  rock-powder,  sifted,  washed, 
and  dried  in  the  usual  manner,  and  the  constituent  grains 
at  once  range  themselves  at  various  levels  according  to 
their  several  densities.  When  thus  separated,  they  can  be 
withdrawn  by  a  pipette  and  examined.  Not  only  is  the 
process  of  isolation  thus  greatly  simplified,  but,  further,  the 
specific  gravities  of  the  several  minerals  are  easily  deter¬ 
mined  at  the  same  time.  For  this  purpose  a  series  of 
“indicators,”  of  suitably  selected  and  accurately  known 
specific  gravities,  are  introduced  into  the  column,  where 
they  take  up  their  proper  positions,  and  afford  a  scale  of 
comparison.  By  using  a  graduated  tube  to  contain  the 
column,  the  specific  gravity  of  a  suspended  mineral  frag¬ 
ment  can  readily  be  interpolated  between  those  of  the  two 
nearest  indicators.  These  indicators  may  be  prepared  by 
fusing  short  lengths  of  fine  platinum  wire  into  small  glass 
beads  of  various  colours. 

Mechanical  methods  of  isolating  the  several  constituents 
of  a  rock  may  now  be  considered  to  have  reached  a  high 
degree  of  perfection,  and  indeed  they  have  almost  super¬ 
seded  the  chemical  methods,  depending  upon  the  selective 
action  of  various  acids  upon  the  different  minerals,  which 
have  from  time  to  time  been  practised  for  the  same  purpose. 
Some  such  chemical  methods  were  tried  and  abandoned  by 
Cordier,  before  he  elaborated  his  process  of  “mechanical 
analysis,”  and  the  experience  of  later  workers  seems  to 
show  that  they  are  not  perfectly  satisfactory  except  in  some 
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special  cases.  Doubtless  one  reason  for  this  is  that  the 
terms  “soluble”  and  “insoluble,”  as  applied  to  the  be¬ 
haviour  of  mineral  substances  with  acids,  are  strictly  of 
relative  rather  than  absolute  significance.  One  of  the  most 

o 

successful  attempts  on  this  line  was  that  of  Fouque  (1876), 
who  in  his  investigation  of  the  Santorin  lavas  made  use 
of  the  action  of  concentrated  hydrofluoric  acid  upon  the 
pounded  rock.  This  readily  dissolved  the  glassy  matter 
and  felspars,  leaving  the  magnetite,  pyroxene,  and  olivine 
almost  intact.  To  separate  the  olivine  from  the  pyroxene, 
he  further  employed  weak  sulphuric  acid,  which  attacks 
only  the  former  mineral.  In  his  complete  scheme  of 
“mediate  analysis”  these  chemical  methods  were  supple¬ 
mented  by  the  use  of  the  electro-magnet  to  separate  the 
iron-bearing  from  the  white  constituents.  Various  other 
chemical  devices  have  been  adopted  by  other  workers. 

One  main  object  of  all  methods  of  separation  is  to 
obtain  specimens  of  the  individual  minerals  pure  enough 
for  chemical  analysis.  The  various  improvements  in  the 
processes  of  analytical  chemistry,  which  have  given  in¬ 
creased  precision  and  value  to  results  obtained  in  recent 
years,  scarcely  fall  within  our  special  province. 

The  event  which  has  more  than  any  other  impressed  a 
character  upon  modern  petrographical  research,  and  largely 
determined  its  direction  during  the  last  thirty  or  forty 
years,  is,  of  course,  the  invention  by  Sorby  (1850)  of  thin 
slices  of  rocks,  followed  by  the  systematic  application  of 
the  polarising  microscope  to  the  study  of  the  optical  pro¬ 
perties  of  rock-forming  minerals.  The  rapid  growth  of 
interest  in  this  branch  of  study  and  the  rich  harvest  of 
results  attained  by  its  aid  form  an  interesting  chapter  in 
the  history  of  geology.  Its  progress,  especially  in  the 
laboratories  of  the  German  Universities,  has  been  sketched 
by  Fouque  (8),  Zirkel  (9),  Stelzner  (10),  Williams  (11), 
Cohen  (6),  and  others.  In  this  place  it  will  be  sufficient 
to  note  a  few  of  the  more  recent  advances  in  this  line  of 
research. 

Improved  appliances  for  the  preparation  of  thin  slices 
of  rocks  need  not  be  specially  alluded  to,  most  workers 
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being  content  to  have  their  specimens  prepared  for  them. 
There  are,  however,  various  advantages  in  making  one’s 
own  sections,  and  Behrens  (12)  has  pointed  out  that  useful 
information  about  the  constitution  of  a  rock  may  be  acquired 
during  the  process  of  polishing.  Different  minerals,  ac¬ 
cording  to  their  hardness  and  other  physical  properties, 
begin  to  take  the  polish  in  a  definite  order  :  spinels,  zircon, 
tourmaline,  quartz,  olivine,  magnetite,  pyroxenes,  epidote, 
hornblende,  etc.;  and  some  of  them  show  at  that  stage 
characteristic  appearances. 

Among  new  instruments  adapted  to  petrological  work, 
Dick’s  new  form  of  polarising  microscope  (5),  (13)  has  so 
rapidly  become  popular  that  the  mere  mention  of  it  will 
suffice.  With  this  instrument  the  observer  can  bring  into 
the  centre  of  the  field  any  small  crystal  in  a  rock-slice  which 
he  wishes  to  investigate,  and  obtain  its  interference-figure 
in  convergent  light  without  removing  his  eye  from  the 
ocular.  There  is,  further,  a  simple  device  to  do  away  with 
the  difficulty  of  imperfect  centring,  the  stage  being  here 
kept  fixed,  while  the  polariser  and  analyser,  connected  by  a 
rack-movement,  can  be  rotated  together.  Fedorow  (14) 
has  devised  a  somewhat  elaborate  instrument  for  the  optical 
study  of  crystals,  the  chief  feature  of  which  is  a  provision  for 
rotating  the  object  through  measured  angles  about  three  rect¬ 
angular  axes.  The  applications  of  this  apparatus  belong 
rather  to  physical  optics  and  mineralogy,  but  it  may  also  give 
valuable  aid  in  the  study  of  rock-slices.  For  example, 
in  the  methods  of  research  to  be  noticed  immediately,  a 
crystal-section  lying  not  far  out  of  a  particular  zone  which 
it  is  desired  to  study  can  be,  so  to  speak,  brought  into  that 
zone  by  suitable  rotation. 

Coming  then  to  optical  methods  of  procedure  for  the 
identification  of  minerals,  we  must  give  the  first  place  to 
the  discrimination  of  the  various  felspars,  a  problem  which 
may  be  regarded  as  the  touch-stone  of  all  attempts  of  this 
kind.  Various  petrologists  have  made  use  for  this  purpose 
of  the  “extinction-angles”  given  between  crossed  Nicols 
with  parallel  light.  In  cases  where  crystal-grains  of  the 
felspars  can  be  readily  isolated,  the  well-known  method  of 
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Schuster  (1880)  leaves  little  to  be  desired.  Cleavage- 
flakes  parallel  to  the  basal  or  to  the  brachypinacoidal  plane 
are  examined,  and  the  extinction-angle  determined  with 
reference  to  the  trace  of  the  other  cleavage.  Schuster 
showed  that  the  angles  so  obtained,  with  a  proper  con¬ 
vention  of  positive  and  negative  directions,  are  perfectly 
characteristic  of  the  several  types  of  felspars.  In  the  more 
general  case,  however,  the  desideratum  is  some  means  of 
identifying  the  different  felspars  as  seen  in  thin  slices  of 
rocks,  and  often  in  the  form  of  minute  microlites.  Fouque 
and  Michel  Levy  attacked  this  problem  with  some  success 
in  their  Mineralogie  micrographique  (1879).  Their  method 
was,  in  the  first  place,  to  calculate  from  known  data,  and  to 
plot  by  a  curve,  the  variation  in  the  extinction-angle  for  all 
sections  belonging  to  a  determinate  zone.  For  ordinary 
plagioclase  crystals  twinned  on  the  albite  law  the  convenient 
zone  is  that  perpendicular  to  the  brachypinacoid,  and  there¬ 
fore  to  the  twin-lamellae.  Sections  lying  in,  or  nearly  in, 
this  zone  are  easily  recognised  in  a  slice  by  the  symmetrical 
extinction  of  the  two  sets  of  lamellae.  The  extinction- 
angles  for  such  selected  sections  may  vary  from  zero  to  a 
definite  maximum  characteristic  of  the  particular  felspar 
examined,  and  measurements  of  three  or  four  suitable 
sections  will  give  the  maximum  with  fair  approximation. 
With  a  sufficient  number  of  crystals  cut  by  the  slice,  this 
test  is  enough  to  distinguish  most  of  the  plagioclase  fel¬ 
spars  ;  but,  owing  to  the  fact  that  it  is  usually  impossible 
to  discriminate  between  positive  and  negative  extinction- 
angles,  an  ambiguity  arises  between  the  albites  and  certain 
varieties  of  andesine.  For  microlites,  which  are  elongated 
parallel  to  the  intersection  of  the  two  principal  cleavages, 
the  zone  containing  those  cleavage-planes  was  investigated, 
but  here  also  an  ambiguity  was  shown  to  occur  in  the  case 
of  certain  felspars.  Despite  these  drawbacks  the  method 
can  very  often  be  applied  with  confidence.  In  1888,  and 
again  in  1894,  Michel  Levy  (15),  (16)  rectified  by  the  use 
of  new  data  some  of  the  maxima  given  in  the  former  work. 
He  also  showed  how  the  position  of  equal  illumination  of  the 
twin-lamellae  affords  a  delicate  test  whether  a  given  crystal  is 
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cut  at  right  angles  to  the  lamellae,  and  therefore  suitable  for 
measurement.  In  his  latest  work  he  goes  farther,  and 
shows  that  sections  not  lying  in  any  determinate  zone  may 
often  be  utilised  to  give  trustworthy  conclusions. 

To  be  able  to  determine  the  orientation  of  any  ran¬ 
dom  section  of  a  crystal  in  a  rock-slice,  and  to  deduce 
the  important  optical  constants  of  the  mineral  from  it, 
would,  of  course,  be  of  the  highest  importance  both  for  the 
felspars  and  for  other  minerals;  but  this  is  a  problem  which 
still  awaits  complete  solution  in  a  practical  form.  Lane 
(17)  has  given  formulae  which  may  be  useful  in  particular 
cases,  when  the  section  shows  the  traces  of  known  crystallo¬ 
graphic  planes  (crystal-faces,  cleavages,  twin-planes,  etc.). 
For  instance,  in  a  twinned  augite,  he  measures  the  angles 
between  the  cleavage-traces  and  the  twin-line,  the  extinc¬ 
tion-positions  oi  the  two  individuals  of  the  twin,  and  their 
relative  retardations,  and  (using  convergent  light)  the 
direction  in  which  the  hyperbolas  close  into  a  cross  ;  from 
these  data  can  be  calculated  the  orientation  of  the  section, 
the  positions  of  the  optic  axes,  etc. 

Recurring  to  the  felspars,  we  may  note  another  con¬ 
tribution  of  Michel  Levy  (18).  In  1890  he  pointed  out 
how  among  the  random  sections  of  felspar-crystals  in  a 
rock-slice  it  is  often  possible  to  verify,  by  tests  which  he 
notes,  that  some  one  of  them  is  cut,  with  sufficiently  close 
approximation,  parallel  to  the  brachypinacoid.  If  such  a 
crystal  be  found,  we  can  adapt  to  it  the  measurements  of 
Schuster,  and  its  extinction-angle  will  at  once  enable  us  to 
refer  it  to  its  place  in  the  series  of  felspars. 

In  his  most  recent  memoir,  already  alluded  to  (16),  the 
same  author  has  gone  a  long  way  towards  solving  in  its 
entirety  the  problem  of  discriminating  the  various  felspars 
in  rock-slices,  though  it  may  be  doubted  whether  some  of 
the  considerations  involved  are  of  ready  enough  application 
to  come  into  general  use.  Here,  for  the  first  time,  we 
have  all  the  leading  properties  of  double  refraction  in  the 
felspars  worked  out  from  the  most  trustworthy  numerical 
data,  and  graphically  exhibited  for  seven  typical  varieties 
in  as  many  coloured  plates  of  stereographic  projections. 
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These  enable  us,  for  instance,  to  find  at  once  the  extinction- 
angle  and  birefringence  for  a  section  of  known  orientation. 
The  actual  problem  is,  in  a  sense,  the  converse  of  this,  and 
the  means  of  solving  it  in  numerous  important  cases  are 
found  to  be  furnished  by  these  figures,  or  by  the  properties 
which  they  represent.  Certain  zones,  of  which  that  per¬ 
pendicular  to  the  brachypinacoid  is  the  most  important,  are 
closely  discussed,  and  it  is  shown  that  a  section  lying  only 
near  that  zone  is  sufficient  in  general  to  give  a  result. 
Further,  it  is  shown  that,  if  a  number  of  random  sections  of 
one  kind  of  felspar  be  examined,  the  values  obtained  for  their 
extinction-angles  will  tend  to  cluster  about  certain  favourite 
numbers,  which  are  characteristic  for  that  particular  felspar. 
Thus,  for  anorthite,  the  numbers  most  frequently  found  will 
be  320  and  410,  and  the  chances  are  three  to  one  that  any 
random  section  will  give  an  extinction-angle  over  30  ; 
while  other  felspars  have  scarcely  less  characteristic  pro¬ 
perties. 

In  the  same  work  Michel  Levy  treats  more  fully  of  the 
tests  by  which  a  chance  section  approximately  parallel  to 
the  brachypinacoid  may  be  recognised,  and  the  measure¬ 
ments  by  which  the  several  felspars  can  be  unequivocally 
distinguished  in  such  a  section  ;  and  he  shows  in  addition 
that  a  slight  departure  from  accurate  orientation  produces 
in  this  case  very  little  error.  He  also  considers  sections 
perpendicular  to  each  of  the  axes  of  optic  elasticity  and  the 
optic  axes,  and  shows  that  their  extinction-angles  may  be 
utilised  with  advantage  in  distinguishing  some  of  the 
felspars. 

In  conclusion  he  discusses  the  use  of  refractive  indices 
for  the  discrimination  of  the  felspars  in  rock-slices.  A 
valuable  paper  by  Becke  (19)  had  already  appealed,  in 
which  this  subject  is  treated  with  much  ingenuity,  leading 
to  useful  practical  results.  Briefly  his  method  consists  in 
comparing  the  refrangibility  of  the  felspar  examined  with 
that  of  quartz.  It  is  applicable  when  the  two  minerals  are 
in  contact  in  the  slice,  along  a  surface  which  is  cut  nearly 
at  right  angles  by  the  plane  of  section.  A  diaphragm 
being  arranged  to  give  a  slightly  convergent  pencil  of  light, 
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the  slide  is  thrown  slightly  out  of  focus  by  raising-  the  tube, 
and  a  bright  border  then  appears  along  the  line  of  junction 
of  the  two  minerals,  on  the  side  of  the  more  refringent. 
Now  a  given  section  of  a  felspar  has  two  refractive  indices, 
say  a  and  y',  which  can  be  separately  investigated  by  using 
the  polarising  Nicol,  and  if  the  section  has  a  birefringence 
not  too  low,  these  indices  will  not  differ  much  from  a  and 
y,  the  least  and  greatest  indices  of  the  mineral.  Similarly, 
a  section  of  quartz  has  two  refractive  indices,  to  and  e',  the 
former  being  constant,  while  by  a  suitable  choice  we  can 
be  sure  that  e'  does  not  differ  much  from  e.  If  we  can  find 
a  favourable  contact  of  felspar  and  quartz,  which  extinguish 
nearly  in  the  same  position  between  crossed  Nicols,  we 
know  that  either  the  axes  of  a  and  to  approximately  coincide 
and  those  of  y  and  e  (parallel  position),  or  a  and  e  coincide 
and  also  y  and  w  (crossed  position).  The  two  cases  can  be 
distinguished  by  the  use  of  a  quartz-wedge  or  similar  con¬ 
trivance.  In  the  former  case  we  can  test,  by  the  method 
already  indicated,  whether  «  is  greater  or  less  than  to, 
and  wTether  y  is  greater  or  less  than  e.  In  the  latter 
case  we  can  compare  a  with  e  and  y  with  to.  If  we  can 
find  crystals  realising  each  of  the  two  cases,  we  thus 
obtain  four  data.  By  reference  to  the  known  refractive 
indices  of  different  varieties  of  felspar,  Becke  thus  divides 
these  minerals  into  six  groups,  which  can  be  discriminated 
in  this  way. 

It  will  be  seen  that  this  method  is  only  adapted  to 
felspars  associated  in  the  same  rock  with  quartz  (20),  and 
that  its  application  depends  upon  the  occurrence  of  sections 
favourably  oriented.  Further,  it  does  not  distinguish  be¬ 
tween  the  labradorites  and  more  basic  varieties.  Michel 
Levy  (16)  has,  however,  extended  and  generalised  Becke’s 
comparison  of  refractive  indices.  His  plan  is,  briefly,  to 
compare  the  mineral  to  be  investigated  with  a  highly 
refracting  liquid.  To  do  this  the  cover-glass  is  removed 
from  the  slice,  the  mineral  cleaned,  and  a  drop  of  the  liquid 
brought  in  contact  with  it.  It  can  then  be  found  which 
has  the  higher  refractive  index.  He  uses  for  the  purpose 
Klein  s  heavy  solution,  diluted  to  have  a  suitable  refractive 
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index,  and  for  testing  this  he  makes  use  of  fragments  of 
standard  minerals  having  known  refractive  indices  ;  so  that 
in  reality  the  liquid  is  used  merely  as  a  medium  to  institute 
a  comparison  of  refractive  indices  between  the  crystal 
studied  and  known  minerals. 

* 

We  have  hitherto  said  little  of  methods  involving  the 
use  of  convergent  light.  These  have  been  regarded  by 
petrographers  rather  as  affording  confirmatory  tests  in  the 
identification  of  doubtful  minerals  than  as  being  of  sys¬ 
tematic  use.  With  Dick’s  polarising  microscope,  however, 
the  rapid  and  effective  application  of  convergent  light  to 
even  minute  crystals  in  rock-slices  may  often  be  of  great 
service  ;  for  instance,  for  distinguishing  quartz  and  felspar 
in  the  fine-grained  aggregates  of  some  crystalline  schists. 
On  the  other  hand,  where  larger  crystals  can  be  studied, 
the  instrument  advocated  by  Fedorow  (14)  has  introduced 
a  new  element  of  precision  into  such  measurements  as  those 
of  the  angles  between  optic  axes,  etc. 

Several  writers  have  pointed  out  how,  when  suitably 
oriented  sections  occur  in  a  rock-slice,  such  measurements 
may  in  many  cases  be  effected  with  parallel  light.  Lane, 
for  example  (2 1),  calculates  the  optic  angle  of  a  mineral 
from  comparison  of  the  birefringence  of  sections  parallel  to 
two  of  the  principal  planes.  It  is  evident  that  such  methods 
can  be  of  only  occasional  application. 

There  are  many  ways  in  which  chemical  tests  may  be 
used  as  an  aid  to  the  microscopical  study  both  of  rock-slices 
(left  uncovered  for  the  purpose)  and  of  powdered  material. 
Although  for  the  isolation  of  minerals  heavy  solutions  will 
be  preferred,  when  practicable,  to  acid  solvents,  the  latter 
may  be  profitably  employed  in  particular  cases,  as,  for 
instance,  in  separating  augite  from  a  basaltic  rock.  Again, 
observations  of  the  relative  rates  at  which  different  minerals 
are  attacked  by  hydrochloric  or  hydrofluoric  acid  are  in¬ 
structive.  These  may  be  carried  out  by  etching  the  surface 
of  a  rock-slice  with  the  acid  and  stopping  the  process  after  a 
certain  time;  or,  if  the  powdered  rock  be  used,  a  systematic 
method  of  “  fractional  decomposition  ”  may  be  followed, 
successive  applications  of  the  acid  being  allowed  to  act  for 
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different  lengths  of  time  (12).  The  solutions  obtained  may 
be  tested  for  characteristic  reactions. 

The  results  produced  by  etching  a  rock-slice  can  be 
brought  out  by  subsequent  staining  with  some  aniline  dye, 
which  takes  effect  especially  on  the  gelatinous  silica  liberated 
by  the  acid  from  some  of  the  silicates.  The  presence  of 
nepheline,  for  instance,  can  often  be  made  evident  in  this 
way  ;  and,  by  adjusting  the  time  allowed  for  the  etching 
process,  other  minerals  may  be  more  or  less  clearly  brought 
out.  Becke  (22)  has  successfully  used  staining  to  dis¬ 
tinguish  between  quartz  and  felspar  ;  for  instance,  in  the 
fine-textured  aggregates  in  some  crystalline  schists,  which 
are  apt  to  present  difficulties  by  purely  optical  methods. 
H  e  even  finds  it  possible  to  distinguish  thus  to  some  extent 
between  the  different  felspars,  the  plagioclases  taking  the 
colour  much  more  readily  than  orthoclase,  while  quartz 
remains  quite  colourless.  Among  the  plagioclases,  those 
rich  in  lime  more  readily  become  stained  than  those  rich 
in  soda,  and  the  zonary  banding  so  common  in  the  crystals 
of  many  rocks  can  thus  be  rendered  apparent. 

When  we  speak  of  “  microchemical  methods,”  however, 
we  refer  rather  to  chemical  reactions,  carried  out  actually 
under  the  microscope,  resulting  in  various  recognisable  crys¬ 
talline  precipitates.  This  method  of  examination,  initiated 
in  1877  by  Boricky,  has  been  improved  by  Behrens, 
Streng,  Haushofer,  Klement  and  Renard,  McMahon, 
and  others ;  and,  exercised  with  due  precautions,  it  is 
capable  of  giving  valuable  assistance  to  the  petrologist. 
It  can  be  made  to  yield  results  in  some  measure  quantita¬ 
tive  ;  to  the  extent,  for  instance,  of  distinguishing  felspars 
having  different  relative  proportions  of  soda  and  lime.  A 
great  variety  of  tests  have  been  devised.  In  many  cases 
it  is  found  convenient  to  bring  the  bases  sought  into  the 
form  of  sulphates,  these  being  readily  obtained  and  having 
often  highly  characteristic  crystal-habits.  As  a  rule,  the 
form  of  the  minute  crystals  is  sufficient  to  indicate  their 
nature,  but  McMahon  (23)  has  shown  that  their  optical 
properties  may  also  be  usefully  employed  to  control  the 
conclusions.  Since  the  recently  published  translation  of 
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Behrens’  manual  (12)  has  furnished  English  readers  with  a 
concise  practical  guide  to  microchemical  analysis,  it  is  to 
be  expected  that  this  method  of  investigation  will  find 
more  favour  among  petrologists  in  this  country  than  it  has 
hitherto  done. 
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PROGRESS  IN  PHYSICAL  CHEMISTRY 

DURING  1894. 


Part  I. 


CONTINUITY  OF  GASEOUS  AND  LIQUID  STATES. 

der  Waals  Theory. — In  connection  with  the  theory 


of  liquids  and  gases  the  most  important  communi¬ 
cation  from  a  physico-chemical  point  of  view  is  due  to 
Young  (1),  who  tests  the  validity  of  van  der  Waals’  theory 
of  corresponding  states  in  the  case  of  some  twenty-two 
well-defined  and  carefully  purified  substances.  It  is  now 
beyond  question  that  van  der  Waals’  equation  is  but  an 
approximation,  and  although  Bakker  (2)  has  deduced  it 
from  thermodynamical  principles,  Amagat’s  recent  work 
(3)  again  shows  that  even  in  the  case  of  compressed  gases 
it  is  too  simple.  De  Heen  and  Dwelshauvers-Dery  (4) 
furnish  similar  evidence,  as  they  find  that,  in  order  to  make 
the  equation  satisfactorily  reproduce  Amagat’s  isothermals, 
different  values  have  to  be  given  to  both  constants  at 
different  temperatures.  Although  this  is  so,  Young’s  work 
proves  that  in  certain  cases  the  theory  is  in  surprising 
accord  with  the  facts,  and  the  results  are  of  especial 
interest,  as  they  indicate  that  the  chemical  nature  of  the 
substance  must  be  considered  in  investigations  of  this  kind. 

It  follows  from  van  der  Waals’  reduced  equation  of 
condition  that  if  the  pressures  of  different  substances  are  the 
same  fraction  of  their  critical  pressures,  then  their  boiling- 
points  on  the  absolute  scale  should  be  the  same  fraction  of 
their  absolute  critical  temperatures,  and  the  volumes  of  the 
saturated  vapours  or  of  the  substances  as  liquids  should  be 
the  same  fraction  of  their  critical  volumes.  The  liquids  used 
fall  into  lour  groups.  Group  I.  contains  benzene  and  its 
monohalogen  derivatives,  carbon  tetrachloride,  stannic 
chloride  and  ether;  Group  II.,  the  three  lowest  fatty 
alcohols;  Group  III.,  acetic  acid;  and  Group  IV.,  the  ten 
lowest  fatty  esters.  The  members  of  Groups  I.  and  IV. 
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give  ratios  which  are  very  nearly  the  same,  but  this  is  not 
the  case  for  members  of  Groups  II.  and  III.  Now  it  has 
to  be  remarked  that  these  latter  liquids  are  all  hydroxy 
compounds,  and  we  can  therefore  conclude  that  if  van  der 
Waals’  theory  of  corresponding  states  be  tested  by  means 
of  compounds  other  than  hydroxy  compounds  satisfactory 
results  are  obtained. 

Another  deduction  from  theory  is  that  if  we  divide  the 
density  of  a  substance  at  the  critical  point  by  the  theoretical 
•density  deduced  on  the  assumption  that  it  behaves  as  a 
perfect  gas,  we  ought  to  get  a  constant  quantity.  In  the 
case  of  Group  I.  the  value  of  the  ratio  was  almost  the  same 
for  each  liquid,  the  mean  being  376  +  '04  ;  for  Group  IV. 
a  similar  result  held,  the  mean  being  3*91  +  *03.  If,  there¬ 
fore,  we  confine  ourselves  to  the  same  group  of  substances, 
the  above  deduction  is  very  closely  obeyed,  although  a 
liquid  in  Group  IV.  gives  a  ratio  which  is  about  5  per  cent, 
higher  than  that  of  a  liquid  in  Group  I.  The  ratios  furnished 
by  hydroxy  compounds  are  higher  still,  the  alcohols  giving 
4,][9  ±  ‘  19,  and  acetic  acid  5*oo.  The  exceptional  behaviour 
of  these  substances  is  again  apparent. 

Now  it  can  readily  be  shown  that  on  neglecting  quan¬ 
tities  of  the  second  order,  the  value  of  the  ratio  of  the 
critical  to  the  theoretical  density,  according  to  van  der 
Waals’  theory,  should  be  2*67.  If  we  take  the  mean  of  the 
values  given  by  members  of  Groups  I.  and  IV.  we  get 
3-84.  There  is  thus  a  wide  discrepancy  between  the 
observed  and  calculated  numbers.  Some  years  ago, 
however,  O.  E.  Meyer  pointed  out  that  the  factor  J2  ought 
to  be  used  in  connection  with  several  of  the  quantities 
employed  in  van  der  Waals’  theory  (5),  and  Guye  (6)  was 
the  first  to  show  that  2 '67  x  J2  or  377  is  a  number  almost 
identical  with  the  above  value  deduced  from  Young’s 
observations  on  non-hydroxy  compounds.  The  lesson 
which  seems  to  flow  from  this  work  is  that  the  agreement 
between  theory  and  practice  depends  to  a  marked  extent  on 
the  nature  of  the  substances,  and  that  the  value  of  the 
generalisation  of  van  der  Waals  can  only  be  satisfactorily 
gauged  when  this  influence  has  been  more  fully  studied. 
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Critical  state. — Another  question  having  an  important 
bearing  on  the  theory  of  gases  and  liquids  has  been  the 
subject  of  an  animated  controversy  (7)  during  the  past  year. 
It  relates  to  the  validity  of  the  method  of  determining  the 
critical  temperature  and  to  the  condition  of  the  substance  at 
the  critical  point.  Batelli,  Zambiasi  and  De  Heen  have 
asserted  that  the  critical  temperature  as  determined  in  the 
usual  way  depends  on  the  amount  of  substance  present  in 
the  experimental  tube,  although  their  results  regarding  the 
nature  of  the  dependence  do  not  agree  among  themselves. 
Galitzine  found  no  evidence  of  this  effect,  but  concluded 
that  the  meniscus  disappears  and  reappears  at  different 
temperatures.  He  further  makes  the  remarkable  statement, 
based  upon  his  work  on  ether,  that  at  the  same  pressure 
and  temperature,  a  substance  may  have  different  densities, 
even  if  the  temperature  be  above  the  critical  temperature. 
He  therefore  supports  the  view  which  has  been,  and  is  still 
being,  advocated  by  De  Heen  (8)  that  both  liquid  and  gas 
may  exist  above  the  critical  temperature.  Wesendonck  (9) 
has  also  described  some  anomalous  appearances  near  the 
critical  point. 

In  reply  to  statements  such  as  these  Ramsay  and  Young 
(7)  recall  the  fact  that  their  own  work,  dealing  with  more 
than  twenty  different  liquids,  gave  no  indication  of  the 
above  anomalies.  These,  they  point  out,  might  easily  arise 
if  the  experimental  substance  were  not  quite  pure,  especially 
if  it  contained  air  or  permanent  gas,  or  if  the  whole  of  the 
substance  were  not  uniformly  heated.  Ramsay  (10)  has 
further  described  an  ingenious  experiment  with  ether  near 
its  critical  point,  which  clearly  demonstrates  to  what  a  large 
extent  the  appearances  within  the  experimental  tube  are 
modified  by  slight  inequalities  in  the  temperature  of  the 
substance.  Villard  (11)  has  also  shown  that  with  specially 
purified  carbon  dioxide  and  nitrous  oxide  there  are  no 
anomalies,  and  there  is  no  difficulty  in  determining  the 
critical  point,  and  Kuenen’s  observations  (12)  indicate  that 
the  presence  of  permanent  gas  is  the  probable  source  of 
most  of  the  trouble  to  which  reference  has  been  made.  It 
may  also  be  noted  that  the  critical  temperature  of  carbon 
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dioxide  as  determined  by  Chappuis  (13),  who  employs  a 
new  method  based  on  measurements  of  the  refractive  index, 
by  means  of  interference  bands,  is  31*4°;  Amagat  found 
3 1  *35°.  That  two  totally  different  methods  should  give 
practically  identical  values  is  surely  strong  evidence  that 
the  critical  temperature  is  a  function  of  the  nature  of  the 
substance  alone.  T  he  most  weighty  experimental  testi¬ 
mony  is  thus  in  favour  of  the  generally  accepted  view  that 
at  the  critical  point  the  substance  is  in  a  definite  uniform 
condition,  and  that  above  the  critical  temperature  one — 
and  only  one — value  of  the  volume  corresponds  with  a 
definite  value  of  the  pressure  and  temperature,  although 
De  Heen  especially  is  still  active  in  seeking  evidence  to 
the  contrary  (8). 

LIQUIDS. 

Molecular  complexity.  —  On  taking  a  survey  of  the 
physical  chemistry  of  liquids  for  the  past  year,  the  most 
noticeable  feature  is  the  general  application  of  the  idea  that 
liquids  differ  in  respect  of  the  complexity  of  their  funda¬ 
mental  molecules.  Whether  liquefaction  is  attended  by 
molecular  aggregation  has  long  been  a  puzzle  to  chemist 
and  to  physicist  alike.  To  Eotvos,  however,  belongs  the 
credit  of  first  attempting  to  get  a  definite  answer  to  the 
question,  and  it  is  by  means  of  Eotvos’s  method  that 
Ramsay  and  Shields,  and  Ramsay  and  Aston  (14)  have 
recently  served  to  direct  attention  to  this  subject.  Accord¬ 
ing  to  the  method  employed  it  is  assumed  that  if  K,  the 
temperature  coefficient  of  the  molecular  surface  energy  of 
a  liquid,  be  2' 121,  the  liquid  consists  of  simple  molecules; 
that  if  K  be  less,  the  liquid  consists  of  molecular  aggregates, 
and  that  the  degree  of  complexity  can  be  estimated  from  the 
value  of  K.  In  this  way  it  is  found  that  the  great  majority 
of  liquids  consist  of  simple  molecules,  but  in  other  cases  the 
liquid  molecule  is  more  complex  than  the  gaseous  molecule, 
the  remarkable  point  being  that  these  associated  liquids, 
with  one  or  two  trifling  exceptions,  are  hydroxy  compounds. 
Here  are  the  formulae  which  are  supposed  to  express  the 
average  molecular  weight  of  some  of  the  associated  liquids. 
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at  ordinary  temperatures  —  (CH.OHL2,  (C,H,OH)rfi„ 
(H20)r64,  (C  H3COO  H)2.I3,  Br2,  P4>  (H2S04)32, 

(HN03)2. 

Deferring  for  the  present  the  discussion  of  the  mode 
of  estimating  the  degree  of  complexity,  it  may  safely  be 
said  that  several  other  physical  properties  give  definite 
evidence  of  the  presence  of  molecular  aggregates  in 
hydroxy  liquids.  From  the  large  effect  which  temperature 
exerted  on  the  viscosity  of  the  acids  and  alcohols,  and  from 
their  general  behaviour  as  regards  this  property,  Thorpe 
and  Rodger  (15)  concluded  that  they  consisted  of  mole¬ 
cular  aggregates  which  decomposed  as  the  temperature 
rose.  Young’s  results  have  shown  that  hydroxy  compounds 
do  not  accord  with  van  der  Waals’  generalisation  of  corre¬ 
sponding  states.  Thorpe  and  Rodger  (15)  have  also  pointed 
out  that  Thorpe  and  Rucker’s  formula  for  calculating  the 
critical  temperature  of  a  liquid  from  its  thermal  expansion 
does  not  apply  to  hydroxy  compounds  ;  this  formula  is  based 
on  van  der  Waals’  theory.  Guye  (16)  has  shown  that  the 
constant  in  van  der  Waals’  vapour-pressure  formula  has  for 
most  liquids  the  value  3*06,  for  hydroxy  liquids  it  is  larger. 
Now  van  der  Waals’  equation  is  deduced  on  the  supposition 
that  no  molecular  aggregation  occurs  in  the  liquid  state, 
hence  the  large  deviations  of  hydroxy  compounds  may 
reasonably  be  assigned  to  this  cause. 

Another  important  indication  of  the  same  thing,  which, 
so  far  as  I  know,  has  not  been  pointed  out,  lies  in  the  fact 
that  the  boiling-point  of  a  hydroxy  compound  is  higher  than 
that  of  the  corresponding  sulphur  compound,  although  the 
theoretical  molecular  weight  of  the  sulphur  compound  is  the 
greater.  Alcohol,  for  example,  has  a  higher  boiling-point 
than  mercaptan.  On  the  other  hand,  if  hydroxy  compounds 
be  excluded,  the  sulphur  compound  has  the  higher  boiling- 
point  ;  ethyl  sulphide,  for  example,  boils  at  a  higher 
temperature  than  ethyl  oxide.  If  we  regard  the  boiling- 
point  of  corresponding  compounds  as  depending  mainly 
on  the  weight  of  the  liquid  molecule,  the  above  facts 
indicate  that,  due  to  molecular  aggregation,  the  molecular 
weight  of  the  liquid  hydroxy  compound  is  greater  than  that 
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of  the  sulphur  compound.  Testimony  of  the  same  kind  is 
obtained  from  the  behaviour  of  solutions  of  hydroxy  com¬ 
pounds  in  hydrocarbon  solvents  (v.  infra),  abnormally  high 
molecular  weights  being  obtained  if  the  solutions  are  of 
medium  concentration  ;  indeed  it  has  been  proposed  to 
utilise  the  properties  of  such  solutions  as  a  means  of 
detecting  the  presence  of  hydroxyl  in  the  molecule. 

Guye  (16)  has  noted  other  three  peculiarities  which, 
although  they  do  not  show  so  definitely  that  the  disturbing 
factor  is  molecular  complexity,  further  illustrate  the  excep¬ 
tional  behaviour  of  hydroxy  compounds.  He  finds  that 
those  liquids,  for  which  the  latent  heat  of  vaporisation 
reaches  a  maximum,  are  hydroxy  compounds.  Again,  if  at 
the  same  pressure  we  measure  the  densities  of  a  substance 
both  as  liquid  and  as  saturated  vapour,  for  most  substances 
the  mean  of  the  densities  is  a  linear  function  of  the  tem¬ 
perature  ;  liquids  giving  a  curvilinear  function  are  hydroxy 
compounds.  As  a  rule  vapour-pressure  curves  do  not  cut 
one  another  ;  the  most  decided  exceptions  are  given  by 
water,  the  alcohols,  and  acetic  acid.  Yet  another  point 
of  the  same  kind  is  recalled  by  a  recent  investigation  by 
Longuinine  (17),  who  has  determined  the  heats  of  vapor¬ 
isation  of  the  normal  fatty  alcohols  at  their  boiling-points. 
According  to  Trouton’s  rule  the  molecular  heat  of  vapor¬ 
isation  divided  by  the  absolute  boiling-point  should  be  the 
same  for  different  substances.  Longuinine  finds  that  this 
is  true  for  the  alcohols,  the  mean  value  of  the  quotient 
being  26-3  He  concludes,  however,  that  the  value  varies 
from  series  to  series.  A  survey  of  the  entire  data,  at 
all  events,  will  serve  to  show,  I  think,  that  if  hydroxy 
compounds  be  excluded,  Trouton’s  rule  appears  to  be  very 
closely  obeyed,  considering  the  experimental  difficulties. 

Although  certain  properties— such  as  density,  refractive 
index,  and,  according  to  Perkin  (18),  magnetic  rotation — 
which  are  distinguished  from  those  treated  above,  as  they 
are  concerned  with  the  volume  relations  of  atoms  and  mole¬ 
cules,  give,  as  might  be  anticipated,  little  indication  of  the 
exceptional  behaviour  of  hydroxy  compounds,  there  is 
ample  evidence  of  its  existence,  and  much  of  this  evidence 
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finds  a  plausible  explanation  in  the  supposition  that  these 
liquids  contain  molecular  aggregates. 

We  now  come  to  the  question,  Can  the  degree  of  com¬ 
plexity  be  estimated  ?  and  in  the  first  place  it  must  be  stated 
that  the  method  does  not  rest  upon  a  firm  theoretical  basis. 
Ramsay  and  Shields  have  subjected  Eotvos’s  theoretical  views 
to  adverse  criticism,  and  although  this  is  affected  by  a  mis¬ 
conception  (19)  due  to  the  fact  that  Eotvos  does  not  use  the 
term  ‘'corresponding  temperature”  in  the  sense  employed 
by  van  der  Waals,  it  must  be  admitted  that  Eotvos’s  proof 
is  not  rigorous.  Ramsay  and  Shields  do  not  attempt  to 
give  a  proof,  but  strive  to  show  that  the  mode  of  estimating 
the  molecular  weight  of  a  liquid  from  the  rate  of  change  of 
its  surface  energy  is  strictly  analogous  to  the  mode  of 
estimating  the  molecular  weight  of  a  gas  from  the  rate  of 
change  of  its  volume  energy.  Now  the  latter  method  pre¬ 
supposes  that  we  can  calculate  volumes  of  different  gases, 
the  volume  of  energy  of  which  is  due  in  each  case  to  the 
same  number  of  molecules,  and  if  in  a  similar  way  we  could 
ascertain  for  different  liquids  areas  of  liquid  surface,  the 
surface  energy  of  which  is  due  in  each  case  to  the  same 
number  of  molecules,  then  the  analogy  might  be  valid.  In 
the  present  state  of  the  theory  of  liquids,  however,  it  seems 
to  me  that  we  do  not  know  how  to  estimate  •  areas  of  dif¬ 
ferent  liquid  surfaces  satisfying  the  above  condition.  The  area 
which  has  been  used  is  the  molecular  area,  or  an  area  upon 
which  there  lies  on  the  average  in  the  interior  of  the  liquid 
the  same  number  of  molecules.  But  although  this  is  so,  it 
does  not  follow  that  the  surface  energy  possessed  by  the 
molecular  area,  in  the  case  of  different  liquids,  is  due  to  the 
agency  of  the  same  number  of  molecules.  For,  in  the  first 
place,  it  is  certain  that  the  distribution  of  molecules  on  the 
surface  will  not  be  quite  the  same  as  on  a  plane  in  the  in¬ 
terior  of  the  liquid,  and  in  the  second  place,  how  can  we  tell, 
speaking  roughly,  that  in  the  case  of  one  liquid  one  layer  of 
molecules,  while  for  another  two  layers,  etc.,  are  not  operative 
in  producing  the  surface  energy?  The  number  of  molecules 
participating  in  the  surface  energy  depends  not  only  on  the 
area  of  the  liquid  surface,  but  also  on  the  sphere  of  action  of 


230 


SCIENCE  PROGRESS. 


the  molecule,  which  in  turn  depends  on  the  distance  at  which 
it  can  attract  its  neighbours. 

Inasmuch  as  Ramsay  and  Shields’  analogy  cannot  be 
justified  until  these  points  have  been  disposed  of,  it  seems  to 
me  that,  even  on  neglecting  other  reasons,  such  as  discrep¬ 
ancies  between  the  testimony  of  viscosity  and  surface  energy, 
no  stress  should  be  put  upon  the  actual  values  of  liquid  mole¬ 
cular  weights  as  deduced  by  the  method  at  present  employed. 

Vapour  - pressure  and  boiling-point.  —  The  vapour- 
pressures  of  the  fatty  acids  have  been  determined  by 
Kahlbaum  (20),  who  finds  that  the  statical  and  dynamical 
methods  give  the  same  results.  Landolt’s  statical  obser¬ 
vations,  which  have  long  been  quoted  as  supporting  the 
opposite  conclusion,  are  shown  to  be  erroneous,  probably 
because  his  liquids  were  neither  quite  dry  nor  air-free. 

Batelli’s  statement  that  at  constant  temperature  the  observed 
value  of  the  vapour-pressure  depends  on  the  relative 
volumes  of  liquid  and  vapour  present  in  the  experimental 
tube  has  been  tested  by  Young  (21)  in  the  case  of  iso¬ 
pentane.  Over  wide  variations  in  the  ratio  of  the  volumes 
there  was  no  indication  whatever  of  this  effect. 

Wirkner  (22)  has  measured  the  vapour-pressures  of  a 
number  of  aromatic  compounds.  In  several  cases  the 
curves  cut  one  another,  and  he  finds  that  none  of  the  usual 
vapour-pressure  formulae  satisfactorily  represents  the  facts. 
A  new  and  complex  formula,  involving  the  heat  of  vapor¬ 
isation  and  the  specific  heats  of  the  vapour,  has  been 
devised  by  Kraevitch  (23),  but  it  is  little  suited  for  general  use. 

A  matter  of  practical  importance,  which  is  also  treated 
theoretically,  has  been  taken  up  by  Bareli,  Young,  and 
Thomas  (24),  who  deal  with  the  separation  of  three  liquids 
by  fractional  distillation.  Applying  F.  D.  Brown  s  views  to 
the  case  of  three  liquids,  after  making  assumptions  regarding 
the  constants  in  the  formulae,  they  find  that  if  a  mixture  of 
three  liquids,  A,  B,  C,  having  increasing  boiling-points,  be 
fractionated,  the  lower  fractions  soon  consist  of  A  and  B,  and 
the  higher  of  B  and  C.  These  may  be  fractionated  in  the 
usual  way.  This  result  is  verified  in  the  case  of  a  mixture 
of  methyl,  ethyl,  and  propyl  acetates. 
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A  lengthy  discussion  on  the  law  of  corresponding  boiling- 
points  has  been  initiated  by  Duhring  (25),  who  maintains  that 
his  law  has  been  ascribed  to  Colot  by  Young.  The  only  point 
of  importance  which  has  arisen  is  due  to  Kahlbaum  and  Wirk- 
ner,  who  show,  as  Duhringhimself  has  admitted,  that  the  specific 
factor  in  his  formula  is  not  independent  of  the  temperature. 

A  new  formula,  connecting  the  boiling-points  of  homo- 
logues,  has  been  put  forward  by  Walker  (26).  It  is  based  on 
the  view  (due  to  Burton)  that  the  percentage  difference  in 
the  boiling-point  of  two  members  of  a  series  is  proportional 
to  the  percentage  difference  in  their  molecular  weights.  It 
is  of  the  shape  T  —  a  M5,  where  T  is  the  absolute  boiling- 
point,  M  the  molecular  weight,  and  a  and  b  are  constants 
varying  with  the  series.  The  formula  applies  to  a  large 
number  of  series*,  but  not  to  the  alcohols,  and  the  alkyl 
bromides  and  iodides.  Without  exception,  the  initial 
members  of  series  do  not  agree  with  the  formula.  That  the 
boiling-points  of  initial  members  is  anomalous  has  long  been 
known,  and  many  other  physical  properties  give  evidence  of 
the  same  kind  of  irregularity,  particularly  magnetic  rotation, 
viscosity,  and  melting-point.  It  is  even  noticeable,  accord¬ 
ing  to  Eykman’s  recent  work  (27),  in  the  case  of  refraction 
and  dispersion. 

Cohn  (28)  has  attempted  to  trace  stoichiometric  relation¬ 
ships  in  the  case  of  certain  boiling-points.  He  finds  that 
corresponding  normal  propyl  and  allyl  compounds  have  the 
same  boiling-point,  and  that  if  two  acids  form  a  ketone,  con¬ 
taining  normal  alkyl  radicles,  C02  being  eliminated,  the 
boiling-point  of  the  ketone  is  178°  lower  than  the  sum  of  the 
boiling-points  of  the  acids.  Of  the  other  relations  he  obtains 
the  most  noteworthy  are,  that  an  aldehyde  boils  at  the  same 
temperature  as  the  amine  with  the  same  number  of  carbon 
atoms  in  the  molecule,  and  that  the  displacement  of  phenyl 
by  carboxyl  does  not  alter  the  boiling-point. 

Viscosity. — For  the  past  four  years  Thorpe  and  Rodger 
(15)  have  been  engaged  on  the  study  of  the  viscosity  of 
liquids,  and  an  account  of  their  work  was  the  subject  of  the 
Bakerian  lecture  for  1894.  Observations  were  made  on 
over  seventy  liquids  at  temperatures  between  o  and  the 
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boiling-point.  As  regards  the  effect  of  temperature  on 
viscosity,  it  varies  to  a  remarkable  extent  with  the  nature  of 
the  liquid,  and  is  most  marked  in  the  case  of  hydroxy 
compounds,  particularly  the  alcohols  ;  indeed,  both  as 
regards  their  large  viscosities  at  low  temperatures,  and 
their  large  temperature  coefficients,  the  higher  fatty  alco¬ 
hols  foreshadow  the  well-known  behaviour  of  the  glycols, 
glycerin,  and  other  polyhydric  alcohols.  The  most  gene¬ 
rally  useful  formula  for  connecting  viscosity  and  temperature 
is  that  of  Slotte,  ri=  c  (i  +  bt)  n,  where  r?  is  the  viscosity  co¬ 
efficient  and  c,  b,  and  n  are  constants  varying  with  the  liquid. 

In  attempting  to  correlate  viscosity  and  chemical  nature 
the  authors  determine,  at  different  series  of  comparable 
temperatures,  values  of  the  molecular  viscosity,  and  mole¬ 
cular  viscosity-work.  The  former  is  the  product  of  the 
viscosity  coefficient  and  the  molecular  area,  and  is  the 
viscosity  referred  to  a  surface  upon  which  there  lies  in  the 
case  of  different  liquids  the  same  number  of  molecules. 
The  latter  is  the  product  of  the  viscosity  coefficient  and  the 
molecular  volume.  The  comparable  temperatures  used  are 
the  boiling-point,  the  corresponding  temperature  of  van  der 
Waals,  and  the  temperature  of  equal  slope.  The  last  is  the 
temperature,  varying  with  the  liquid,  at  which  temperature 
is  in  each  case  exerting  the  same  effect  upon  the  viscosity. 
The  most  definite  stoichiometric  relationships  are  obtained 
at  this  new  system  of  comparable  temperatures.  By  giving 
definite  values  to  the  different  atoms  and  modes  of  atom- 
linkage,  such  as  iso-linkage,  double-linkage,  and  the  ring¬ 
grouping  of  atoms,  it  is  possible  to  calculate  values  of  the 
molecular  viscosity  and  molecular  viscosity-work,  which 
closely  agree  with  those  actually  observed.  Chemical  con¬ 
stitution  has  a  marked  effect ;  for  example,  on  keeping  the 
values  of  carbon  and  hydrogen  the  same,  widely  different 
values  have  to  be  ascribed  to  carbonyl-,  ether-,  and  hydroxyl- 
oxygen.  The  values  for  hydroxy  compounds  differ  greatly 
from  those  of  other  oxy-compounds,  and  together  with 
irregularities  which  they  exhibit  amongst  themselves,  give 
evidence  of  molecular  complexity.  One  important  point  is 
that  the  relationships  obtained  between  the  viscosity  con- 
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stants  at  any  one  value  of  the  slope  are  the  same  as  at  any 
other.  Results  of  such  a  general  character  have  not  yet 
been  obtained  by  the  use  of  other  comparable  temperatures, 
and  suggest  the  use  of  temperatures  of  equal  slope  in  the 
case  of  other  properties,  especially  if  these,  like  viscosity, 
are  largely  affected  by  temperature. 

De  Haas  (29)  has  measured  the  viscosity  coefficient 
of  methyl  chloride  between  its  boiling-point  and  critical 
temperature,  and  Kamerlingh  Onnes  (30)  has  used  the 
values  obtained  together  with  those  of  Warburg  and  Babo 
on  carbon  dioxide  to  test  his  theory  that  corresponding 
states  are  to  be  considered  as  mechanically  similar  forms  of 
motion.  According  to  this  theory,  at  corresponding 
temperatures,  for  two  liquids  A  and  B 

Va:  *1b  =  ( \/M/ ^/0/tt4)a  :(  >/M/  ^/tt4)b 

where  M,  0,  and  it  are  respectively  the  molecular  weight, 
critical  temperature,  and  critical  pressure.  Near  the 
critical  temperature  the  theory  is  justified.  The  theory  also 
indicates  that  if  9  be  the  critical  molecular  volume, 
rj '(/ f  I  YMQ  and  r?  J/V4  /  M 3  6  should  be  constants  at  corre¬ 
sponding  temperatures.  Using  the  values  for  >/  given  by 
Pribram  and  Handl  and  earlier  observers,  this  is  found  to 
be  approximately  true  for  some  forty  liquids  at  the  tem¬ 
perature  of  ’58.  The  acids  and  the  alcohols  especially  give 
large  deviations. 

Vollmer  (31)  has  tested  the  rule  that  at  the  boiling-point 
the  product  of  the  heat  of  vaporisation  and  the  molecular 
volume  is  proportional  to  the  square  root  of  the  viscosity 
coefficient.  For  water,  methyl  and  ethyl  alcohols,  this  seems 
to  be  the  case,  but  ether  and  benzene  give  large  deviations 
of  opposite  signs. 

The  viscosity  of  fused  sulphur  has  been  studied  by 
Brunhes  and  Dussy  (32).  It  diminishes  up  to  a  temperature 
between  156°  and  157°,  then  increases,  and  at  162°  is  so 
large  that  the  substance  could  not  be  made  to  flow  through 
the  capillary  tube  employed. 

Refraction  and  dispersion. — In  connection  with  refraction 
and  dispersion  the  most  extensive  research  is  that  of  Bruhl 
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(33)  on  tautomerism.  The  aim  of  the  work  was  to  ascertain 
the  constitution  of  substances  which  might  either  contain 
the  group  :CH'CO*  or  :C:C(OH)',  and  also  to  find 
whether  a  substance  might  not  exist  partly  in  the  one  form 
and  partly  in  the  other,  the  relative  amounts  varying  with 
the  temperature.  It  was  found  that  ordinary  fatty  and 
aromatic  ketones,  diacetyl,  dipropionyl,  and  acetonylace- 
tone,  the  alkyl  derivatives  of  the  acetoacetic  esters,  acetyl- 
formic  and  acetylacetic  acids  are  true  keto-compounds. 
The  observations  extended  also  to  derivatives  of  campho- 
carboxyllic,  malonic,  and  ethyl-malonic  acids,  etc. 

In  general,  where  the  comparison  is  possible,  the  results 
obtained  for  the  constitution  of  the  substances  at  ordinary 
temperatures  agree  with  those  deduced  by  Perkin  (34)  from 
his  work  on  magnetic  rotation.  This  is,  however,  not  in 
general  the  case  as  regards  the  effect  of  temperature. 
Perkin  found  that  all  diketonic  compounds  of  the  fatty  series 
exist,  partly  at  least,  in  the  hydroxylic  condition,  and  that 
as  the  temperature  rises  gradual  change  into  the  ketonic 
modification  takes  place.  In  the  case  of  acetylacetone  and 
ethyl  acetone  oxalate,  for  example,  Bruhl  concludes  on  the 
other  hand  that  the  constitution  is  independent  of  the 
temperature.  The  methods'  which  have  up  till  now 
been  used  in  estimating  this  alteration  consists  in  finding 
whether  the  molecular  refraction,  dispersion,  or  magnetic 
rotation  varies  with  the  temperature  ;  because  these 
constants  are  greater  for  unsaturated  than  for  saturated 
compounds.  But  even  in  the  case  of  stable  substances 
the  molecular  refraction  and  magnetic  rotation  vary  to  some 
extent  with  the  temperature,  hence  their  indications  of 
tautomeric  change  are  always  more  or  less  uncertain.  In 
his  paper  Bruhl  relies  on  the  indications  of  dispersion  alone, 
as  it  is  highly  influenced  by  constitution,  and  for  a  stable 
substance  is  little  altered  by  the  temperature.  It  is  to  be 
hoped  that  a  more  minute  study  of  the  effect  of  temperature 
on  the  optical  constants  of  stable  substances  will  serve  to 
explain  the  above  discrepancy,  and  put  upon  a  firm  basis 
what  promises  to  be  one  of  the  most  beautiful  applications 
of  physical  methods  to  chemical  problems. 
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Laar  put  forward  the  view  that  the  structure  of  a  tauto¬ 
meric  compound  is  not  definite,  but  is  continually  oscillating 
from  that  of  the  one  to  that  of  the  other  tautomeric  form. 
Bruhl  concludes  that  this  view  cannot  hold  for  fatty  com¬ 
pounds,  although  it  may  be  true  for  aromatic  compounds. 

In  another  lengthy  communication  (35)  Bruhl  discusses 
the  constitution  of  benzene  in  the  light  of  physical  evidence. 
He  compares  the  densities  at  20°,  the  molecular  volumes, 
and  molecular  refractions,  of  benzene  and  its  di-,  tetra-,  and 
hexahydrides,  and  of  hexane,  hexylene,  diallyl,  and  dipro- 
pargyl.  The  constants  of  the  fatty  compounds  always  differ 
from  those  of  their  aromatic  isomers,  and  the  alteration  in 
the  constants  produced  on  passing  from  benzene  to  its  hexa- 
hydride  is  best  explained  by  assuming  that  each  addition 
of  H2  corresponds  with  the  loss  of  a  double-linkage,  and 
that  on  passing  from  benzene  hexahydride  to  hexane,  the 
large  alteration  in  the  physical  constants  is  due  to  the 
breaking  up  of  the  ring  and  the  formation  of  a  straight 
chain.  It  is  therefore  concluded  that  Kekule’s  oscillation 
formula  best  expresses  the  constitution  of  benzene,  and  it  is 
shown  that  thermal  data  may  be  interpreted  as  pointing  to 
the  same  conclusion.  Bruhl  considers  that  the  structure  of 
benzene  is  best  represented  by  Sachse’s  model.  This  is  a 
regular  octahedron  with  two  parallel  faces  removed,  six 
regular  tetrahedra  having  been  placed  on  the  six  remaining 
faces.  The  carbon  atoms  are  supposed  to  be  at  the  centres 
of  the  tetrahedra,  and  the  hydrogen  atoms  at  the  six  apices 
of  the  model.  Kekule’s  formula  is  the  best  plane  represen¬ 
tation  of  this  configuration. 

It  is  well  to  bear  in  mind,  as  Ostwald  points  out  (36), 
that  the  above  treatment  of  the  subject  is  in  reality  based 
on  analogy ;  although  it  must  be  admitted  that  if  the 
attempt  be  made  to  apply  the  conceptions  of  double  and 
single  bonds,  Bruhl’s  conclusion  is  the  most  satisfactory. 

Mond  and  Nasini  attributed  the  hiofh  molecular  refraction 
of  nickel  carbonyl  to  the  metal.  Gladstone,  however,  con¬ 
siders  that  the  cause  is  to  be  found  in  the  peculiar  arrangement 
of  the  carbonyl  groups,  and  Armstrong  has  suggested  that 
when  several  of  these  are  present  in  the  molecule  they  exert 
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a  co-operative  effect  in  increasing  the  refraction.  Nasini 
and  Alderlini  (37)  have  measured  the  refraction  constants  of 
non-metallic  substances  containing  several  groups,  but  find 
the  values  are  normal.  It  is  thus  indicated  that  the  high 
values  of  metallic  carbonyl  compounds  are  due  to  the  metal. 

Nasini  and  Carrara  (38)  consider  that  furfuran  and  pyra- 
zole,  etc.,  have  a  centric  structure.  Refraction  constants 
have  also  been  determined  for  furfurylic  alcohol,  pyromucic 
acids  and  its  salts  (39),  and  for  some  organic  phosphorus 
compounds  (40),  but  have  led  to  no  general  results. 

Rotation  of  the  plane  of  polarisation.  —  Most  of  the 
work  on  optical  activity  may  be  grouped  around  Guye’s 
theory.  Miss  I.  Welt  (41)  has  measured  the  rotatory 
powers  of  hydrocarbons  containing  the  active  amyl  radicle. 
Ethyl -propyl  and  isobutyl-amyl  have  almost  the  same 
rotatory  powers,  the  values  being  about  half  that  of  diamyl. 
The  facts  accord  with  the  views  of  Guye  and  Gauthier. 
The  rotatory  power  slightly  diminishes  as  the  temperature 
rises.  In  the  case  of  the  ethereal  glycerates  and  diacetyl 
glycerates,  on  the  other  hand,  as  in  the  case  of  the  tartrates, 
Franklandand  McGregor  (42)  find  that  the  rotatory  power 
increases  with  the  temperature.  In  general  their  results 
do  not  accord  with  Guye’s  theory.  They  find  that  in  the 
series  of  diacetyl  glycerates  the  homologue  with  the 
maximum  rotatory  power  is  lower  in  the  series  than  the  salt 
with  the  heptylic  radicle  ;  according  to  theory  the  salt  with 
the  CI3  radicle  should  have  the  maximum  value.  Since 
methyl  and  ethyl  diacetyl  glycerates  contain  groups  of 
equal  mass  attached  to  the  asymmetric  carbon  atom,  they 
ought  to  be  inactive  ;  both  are,  however,  powerfully  active. 
Again,  the  alteration  in  the  rotatory  power  produced  by 
substituting  acetyl,  propionyl,  and  benzoyl,  for  the  hydroxylic 
hydrogen  of  methyl  glycerate,  is  not  in  accord  with  theory. 
Walden  (43),  who  has  dealt  with  twenty-six  derivatives  of 
active  amyl  alcohol,  and  Piutti  (44),  who  has  worked  with 
derivatives  of  asparagine,  come  to  the  same  conclusion  as 
F  ran  kl  an  cl  and  McGregor,  namely,  that  the  nature  as  well 
as  the  mass  of  the  radicles  attached  to  the  asymmetric 
carbon  atom  profoundly  influences  the  rotatory  power. 
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It  is  noteworthy  that  more  attention  is  being  paid  to  the 
influence  of  temperature.  This  effect  is  most  remarkable, 
as  in  some  cases  the  rotatory  power  rapidly  increases  as 
the  temperature  rises.  Colson  (45)  has  made  experiments 
to  show  that  this  may  be  due  to  decomposition  of  the  sub¬ 
stances.  Le  Bel  (46)  finds,  however,  that  in  the  case  of 
methyl  and  ethyl  tartrates  the  change  is  not  due  to  the 
presence  of  acid  or  alcohol,  nor,  according  to  Ramsay’s 
measurements,  can  it  be  ascribed  to  alteration  in  the  mole¬ 
cular  complexity  of  the  liquid,  at  any  rate  above  7 o°. 

Several  observers  are  now  using  in  place  of  the  old 
measure  of  the  molecular  rotation,  the  molecular  deviation 
proposed  by  Guye,  which  is  the  product  of  the  angle  of 
rotation  for  unit  length  and  the  cube  root  of  the  molecular 
volume.  It  is  questionable  how  far  this  is  an  advantage. 
For  although  the  old  measure  is  not  all  that  could  be 
desired,  on  theoretical  grounds  the  molecular  deviation  can 
hardly  be  held  to  be  an  improvement.  As  I  have  pointed 
out  (47),  it  would  only  give  the  effect  produced  by  the  same 
number  of  molecules  of  different  liquids,  if  the  region  within 
which  the  ray  could  be  influenced  by  a  molecule  were 
proportional  to  the  molecular  volume,  and  for  this  there  is 
no  support  in  fact.  Of  course  in  the  present  state  of  the 
•question  the  agreement  with  observation  is  the  best  test  of 
the  worth  of  either  formula.  Since  there  is  little  to  choose 
between  them  on  this  score  it  is  to  be  hoped  that  observers 
will  not  disregard  the  old  measure  until  more  light  has  been 
thrown  upon  the  question. 

On  account  of  the  increased  rotation,  measurements  of 
optical  activity  would  be  much  enhanced  in  accuracy  if  light 
■of  shorter  wave-length  than  D-light  could  conveniently  be 
obtained.  Landolt  (48)  has  recently  described  a  series  of 
•absorption  cells  which  on  passing  white  light  through  them 
give  beams  of  different  colours.  The  light  thus  obtained  is 
not  strictly  monochromatic,  but  appears  to  give  the  same 
rotation  as  light  of  a  definite  wave-length. 

Another  important  practical  point  is  the  modification  of 
Lippich’s  polarising  prism  (49).  Instead  of  using  one 
auxiliary  Nicol  he  now  uses  two,  the  field  of  view  being 
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divided  into  three  parts,  the  intensity  of  the  outer  portions 
being  the  same  in  all  positions  of  the  analyser,  and  of  course 
equal  to  that  of  the  middle  portion  at  the  zero  position. 
Greater  accuracy  is  obtained  with  this  arrangement  than 
when  the  field  is  only  divided  into  two  parts. 

Dielectric  constant. — An  investigation  of  a  property  little 
studied  from  a  physico-chemical  point  of  view,  namely,  the 
dielectric  constant  or  specific  inductive  capacity,  has  been 
carried  out  by  Thwing  (50).  He  uses  a  method,  suggested 
by  Hertz,  based  upon  the  resonance  of  electrical  oscillations. 
Most  of  the  observations  were  made  at  1 50,  but  in  the  case 
of  water  they  extend  from  o°  to  90°,  and  exhibit  a  well- 
marked  maximum  at  40.  If  K,  M,  and  D  be  respectively 
the  dielectric  constant,  the  molecular  weight,  and  the 
density,  the  results  show  that  MK/D  may  be  calculated 
from  definite  partial  values  corresponding  with  the  atoms 
and  groups  of  atoms  composing  the  molecule  ;  the  agree¬ 
ment  between  observed  and  calculated  values  being,  in 
general,  satisfactory. 

A  remarkable  relationship,  which  held  for  more  than 
twenty  hydrocarbons  and  solid  substances,  is  that  K  is  2*6 
times  the  density.  It  is  somewhat  surprising  that  more 
definite  relationships  appear  to  be  obtained  by  the  use  of 
MK/D  than  have  hitherto  been  obtained  by  the  expression 
M(K  —  1)  /  (K  +  2)  D  (5 1  )• 

The  above  remarkable  results  will  probably  serve  to 
direct  attention  to  this  property,  several  points  in  connection 
with  which  require  reinvestigation.  According  to  Maxwell’s 
theory,  JK  should  bo  equal  to  the  refractive  index  for  rays 
of  infinite  wave-length.  Using  for  the  refractive  index 
the  first  term  in  Cauchy’s  dispersion  formula,  Jahn  and 
M oiler  (52)  have  shown  that  for  several  substances  this  is 
not  the  case.  Again,  according  to  the  Lorentz  and  Lorenz 
formula  (K  —  1)  /  (K  +  2)  for  a  given  substance  should  be 
proportional  to  the  density.  Rontgen  (53)  finds  however 
that  K  for  water  or  alcohol  is  practically  unaltered  even  at 
pressures  of  300-500  atmospheres.  There  are  now  several 
methods  of  measuring  K,  and  a  new  one  has  just  been  de¬ 
scribed  by  Nernst  (54).  There  is,  therefore,  every  oppor¬ 
tunity  for  attacking  these  questions  afresh. 
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SOLIDS. 

As  illustrating  the.  relations  between  solids  and  liquids, 
the  observations  of  Dewar  and  of  Spring  are  especially 
interesting.  Dewar  (55)  finds  that  under  a  pressure  of 
sixty  tons  per  square  inch  many  solids  flow  through  a 
narrow  tube,  and  behave  as  highly  viscous  liquids,  while 
other  solids  show  no  signs  of  flowing.  The  tube  used  was 
half  an  inch  long  and  one-sixteenth  of  an  inch  in  diameter. 
Organic  and  inorganic  substances  were  employed,  but  no  re¬ 
lation  between  the  chemical  nature  of  the  substances  and  this 
property  of  flowing  could  be  traced.  For  example,  although 
potassium  chloride  and  caustic  soda  flow  and  form  a  wire,  this 
is  not  so  in  the  case  of  sodium  chloride  and  caustic  potash. 

Springs  experiments  (56)  consisted  in  clamping  two 
cylinders  of  metal  end  to  end  and  heating  to  200°  or 
400°.  In  from  four  to  eight  hours  he  found  the  cylinders 
became  continuous,  and  if  they  were  originally  of  different 
metals,  an  alloy  was  formed,  it  might  be  for  18mm.  in  the 
region  of  the  junction.  He  concludes  from  these  experi¬ 
ments  that  even  below  the  melting-point  there  are  indications 
of  the  liquid  state;  the  velocity  of  certain  of  the  molecules  is 
as  high  as  the  mean  velocity  of  those  of  the  liquid  substance. 

Periodic  law. — Three  inquiries  may  be  noted  in  con¬ 
nection  with  the  periodic  law.  Topler  (57)  finds  that  the 
volume-change  observed  when  a  metal  melts  is  a  periodic 
function  of  the  atomic  weight.  Bailey  (58)  points  out  that 
in  an  “  even  ”  series  of  elements  the  temperature  of  decom¬ 
position  of  an  oxide  is  higher  the  higher  the  atomic  weight, 
in  “odd”  series  the  reverse  rule  holds.  According  to 
Deeley  (59)  if  the  density  of  an  oxide  be  divided  by  the 
atomic  weight  of  the  contained  metal  the  quotient  is  a 
periodic  function  of  the  atomic  weight. 

Melting-point. — Cohn  (28)  finds  that  the  melting-point 
of  a  ketone,  when  an  even  number  of  carbon  atoms  is  pre¬ 
sent  in  the  molecule,  is  8°  lower  than  that  of  the  correspond¬ 
ing  acid,  and  that  if  an  odd  number  of  carbon  atoms  be 
present  the  melting-point  is  i4°-i5°  lower.  He  also  investi¬ 
gates  the  melting-points  of  several  “odd”  and  “even” 
series  of  substances  ;  for  the  substituted  malonic  acids  the 

17 


240 


SCIENCE  PROGRESS. 


ordinary  rule  is  -not  obeyed.  Behai  and  Choay  have  deter¬ 
mined  the  melting-points  and  boiling-points  of  a  number  of 
phenols  and  their  derivatives  (60). 

As  regards  methods,  V.  Meyer,  Riddle,  and  Lamb  (61) 
have  improved  the  method  of  Meyer  and  Freyer  for 
determining  the  melting-points  of  salts.  This  method 
involves  the  use  of  a  platinum  air-thermometer.  The 
platinum  resistance-thermometer  of  Callender  and  Griffiths 
has  also  been  used  by  Heycock  and  Neville  (62)  to  deter¬ 
mine  high-temperature  melting-points,  particularly  those 
of  metals.  So  far  as  the  results  go  these  two  methods  give 
fairly  concordant  values.  The  latter  method  especially 
promises  to  be  of  considerable  value  in  this  field.  For 
rough  work  over  the  temperature  range  from  200°  to  6oo° 
or  so,  the  thermometer  described  by  Baly  and  Corley  (63) 
containing  sodium-potassium  alloy  in  place  of  mercury  may 
also  be  found  of  service,  although  as  the  alloy  attacks  the 
glass  the  readings  in  time  become  troublesome  to  make. 

Heat  of  fusion. — The  heats  of  fusion  of  a  number  of 
organic  compounds  have  been  measured  by  Bruner  (64). 
The  value  for  a  brom-derivative  is  greater  than  that  of  a 
chlor-derivative.  As  a  general  rule  his  numbers  agree  with 
those  deduced  from  observations  on  the  freezing-point  pf 
solutions  by  van’t  Hoff’s  formula,  unless  in  the  case  of 
palmitic  acid  (found  39*2,  calc.  49*5)  and  a-naphthylamine 
(found  22*3,  calc.  26*3). 

Vapour -pres  sure  of  salts. — According  to  Bailey  (65), 
even  at  temperatures  below  the  boiling-point  a  dissolved 
salt  has  an  appreciable  vapour-pressure,  and  consequently 
if  a  saline  solution  be  evaporated,  there  is  a  small  loss  due 
to  volatilisation  of  the  salt.  Special  pains  were  taken  to 
prevent  the  possibility  of  the  salt  being  mechanically  carried 
over.  The  salts  examined  were  chlorides  of  the  alkalies,  and 
the  loss  was  found  to  be  greater  the  greater  the  molecular 
weight  and  the  stronger  the  solution.  On  evaporating  a 
litre  of  a  solution  containing  286  gr.  of  caesium  chloride, 

1 8*86  mg.  of  salt  were  lost. 

Stoichiometry  of  glass  and  crystals. — Winkelmann  and 
Schott  (66)  find  that  the  physical  properties  of  glass  are 
functions  of  its  chemical  composition,  indeed  theirexperiments 
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make  it  possible  to  calculate  the  elastic  properties  of  glass 
to  within  8  per  cent,  from  a  knowledge  of  its  composition. 

Valuable  information  regarding  the  stoichiometry  of 
crystalline  substances  has  been  obtained  by  Tutton  (67). 
He  has  studied  the  isomorphous  series  consisting  of  potas¬ 
sium  rubidium  and  caesium  sulphates.  Both  as  regards  the 
angular  measurements  of  the  crystals,  and  the  development 
of  the  faces,  and  also  as  regards  their  optical  behaviour, 
molecular  volume,  etc.,  the  properties  of  the  rubidium  salt 
stand  between  those  of  the  potassium  and  caesium  salts,  and 
approximate  more  nearly  to  those  of  the  potassium  salt. 

That  simplicity  in  the  chemical  structure  of  a  substance  is 
correlated  with  its  crystalline  form,  according  to  van’t  Hoff 
(68)  was  pointed  out  by  Buys-Ballot  in  1846.  Retgers  (69) 
has  summarised  the  nature  of  the  evidence,  and  finds  that  85 
per  cent,  of  the  elements,  88  of  the  diatomic  compounds,  and 
53  of  the  triatomic  crystallise  in  the  regular  and  hexagonal  sys¬ 
tems;  whereas  the  majority  of  complex  organic  and  inorganic 
compounds  crystallise  in  the  rhombic  and  monoclinic  systems. 

Surawicz  (70)  states  that  the  hydration  of  a  substance  is 
usually  attended  by  a  fallin  thesymmetryof  its  crystallineform; 
its  specific  gravity  and  hardness  diminish  at  the  same  time. 

Phosphorescence. — The  phosphorescence  of  solids  at  low 
temperatures  has  been  studied  by  Pictet  and  Altschul  and 
by  Dewar.  The  former  (71)  find  that  in  the  case  of 
sulphides  of  the  alkaline  earths  phosphorescence  ceases  at 
67°.  Dewar  (72)  finds  that,  in  general,  substances  which 
feebly  phosphoresce  at  ordinary  temperatures  become  more 
active  at  low  temperatures.  The  substances  were  cooled 
by  immersion  in  boiling  liquid  air,  all  organic  substances 
being  solid  under  these  conditions.  They  were  then 
exposed  for  a  short  time  to  the  light  of  the  electric  arc,  and 
viewed  in  a  darkened  room.  At  low  temperatures  the 
substances  seem  capable  of  absorbing  in  an  increased 
degree  light  energy  which  is  emitted  as  phosphorescent 
light  as  the  temperature  rises.  Amongst  inorganic 
substances  the  platino-cyanides,  and  amongst  organic 
substances  ketonic  compounds,  exhibit  the  most  marked 
phosphorescence. 


J.  W.  Rodger. 


NOTES  ON  THE  REPRODUCTIVE  ORGANS 
OF  OLIVE-BROWN  SEAWEEDS. 


THERE  has  been  a  good  deal  of  speculation  in  recent 
phycological  literature  on  the  subject  of  the  con- 
ceptacles  and  the  cryptostomata  (Fasergriibchen),  or  sterile 
or  neutral  conceptacles,  as  they  are  variously  called,  which 
occur  in  certain  orders  of  olive-brown  seaweeds.  In  the 


discussion  of  this  subject,  and  the  search  for  explanations 
of  the  puzzles  it  freely  offers,  there  has  been  shown  a  dis¬ 
position  to  restrict  the  evidence  and  the  argument  to  the 
comparison  of  development  of  these  bodies  in  the  different 
orders  in  which  they  occur.  It  would  be  out  of  place  and 
mischievous  to  disparage  this  method  and  to  seek  to  detract 


in  the  least  from  its  value,  but  the  exclusive  employment 
of  it  reminds  one  of  the  attitude  of  the  observer  who 
sought  to  explain  the  movements  of  a  semaphore  by  as- 
signing  them  to  the  caprice  of  the  signalman  without 
reference  to  any  trains  that  might  happen  to  be  running. 
The  things  themselves  have  been  exhaustively  described 
and  compared,  and  the  questions  have. been  asked  :  (i)  Are 
the  cryptostomata  abortive  conceptacles?  (2)  are  they  the 
older  of  the  two,  and  have  they  come  in  time  to  bear  re¬ 
productive  organs  ?  Authors  have  been  found  to  answer 
both  these  questions  with  yes  or  no,  while  a  third  takes  the 
view  that  they  are  “  of  equal  antiquity,  and  that  neither  is  the 
outcome  of  the  other”.  Where  these  answers  are  not  mere 
guesses,  they  are  founded  on  a  cursory  glance  at  the  neigh¬ 
bouring  forms,  or  on  speculations  as  to  possibilities  in 
the  ancestors  of  the  Fucacece  and  Fammariacece.  Since 
none  of  these  ancestors  are  known  to  us,  and  do  not  appear 
to  be  likely  to  meet  the  delighted  eye  of  the  botanist,  at  all 
events  in  a  condition  fit  for  the  microtome,  it  is  probably 
more  likely  to  be  fruitful  if  we  extend  the  area  of  our 
inquiry  among  the  living  forms  more  or  less  related  to 
those  discussed.  To  vex  ourselves  about  ancestral  forms 
in  this  case  is  very  much  like  crying  for  the  moon. 
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The  constants  of  the  case  are  these.  The  Fucacece 
have  their  reproductive  organs  buried  in  more  or  less 
round,  flask-shaped  pits  beneath  the  surface  called  con¬ 
ceptacles,  where  they  occur  among  hairs — paraphyses. 
Often  on  the  same  species  there  occur  pits  of  precisely 
the  same  mode  of  development  which  contain  the  hairs, 
but  no  reproductive  organs.  These  barren  pits  are  what 
have  been  termed  the  sterile  or  neutral  conceptacles,  Faser- 
grlibchen,  cryptostomata,  etc.  The  development  of  these 
conceptacles  was  first  accurately  investigated  by  Professor 
Bower  (1).  His  observations  were  greatly  extended  by 
Oltmanns  (2),  who  described  their  occurrence  in  many 
other  genera  of  Fucacece.  Miss  Barton  (3)  added  to  this, 
and  discussed  the  subject  further  (4)  in  its  later  develop¬ 
ments.  In  their,  investigation  of  the  remarkable  type 
Splachnidium ,  for  which  they  founded  a  new  natural  order, 
Miss  Mitchell  and  Miss  Whitting  (5)  discovered  a  new  kind 
of  conceptacular  body,  developing  after  a  fashion  of  its  own, 
and  containing  not  oogonia  and  antheridia  like  those  of 
Fucacece ,  but  sporangia  like  those  of  Laminar iacece.  It  is 
a  different  kind  of  conceptacle,  but  yet  clearly  comparable 
with  that  of  Fucacece.  The  present  writer  (7)  next  investi¬ 
gated  the  barren  cryptostomata  of  three  Laminarian  genera, 
and  found  them  different  from  but  comparable  with  those 
of  Splachnidiacece.  The  interesting  point  now  comes  in, 
though  of  course  it  has  been  known  for  a  long  time,  that 
the  Laminarian  cryptostomata  are  always  barren,  and  that 
the  ordinary  occurrence  of  sporangia  in  this  order  is  in 
patches  or  sori  where  they  are  mixed  with  paraphyses, 
quite  apart  ordinarily  from  any  cryptostomata.  In  one  of 
the  genera,  however  ( Adenocystis ),  these  pits  occur  right 
in  the  middle  of  the  sori,  but  are  themselves  barren.  About 
the  same  time  and  working  in  the  same  laboratory  Miss 
Mitchell  (6)  found  a  simple  form  of  pit  or  cryptostoma  in 
another  order  ( Encceliacece )  in  the  genus  Hydroclathrus, 
also  in  the  middle  of  sori  this  time  of  plurilocular  sporangia. 
Miss  Barton  has  noted  the  occurrence  of  other  pits  of  the 
kind  on  the  barren  thallus  of  Chnoospora  ( SporocJmacece  f) 
and  they  have  been  long  known  as  very  shallow  pits  on 
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such  forms  as  Punctaria.  There  is  here  a  great  range  of 
different  kinds  of  pit  or  cryptostoma  developing  in  different 
ways,  and  it  may  be  objected  that  I  am  casting  my  net 
too  widely,  and  bringing  together  things  that  do  not 
sufficiently  resemble  each  other.  That  will  be  justified  or 
not  by  further  considerations  ;  in  fact  this  diversity  itself 
will  help  us,  I  venture  to  think,  to  a  better  understanding 
of  the  difficulties.  It  is  characteristic  of  a  larore  number  of 

O 

the  olive-brown  seaweeds  to  have  hairs  associated  with 
their  sporangia  or  other  reproductive  bodies  ;  in  fact  the 
sporangia  are  themselves  morphologically  hairs  or  branches 
of  hairs.  The  hairs  that  are  sterile  or  vegetative,  fulfil 
among  other  functions  that  of  furnishing  protection  or  shelter 
to  the  sporangia — protection  it  may  well  be  against  assaults 
of  minute  animals  and  the  like,  or  against  the  force  of 
currents  that  might  prematurely  detach  the  sporangia,  or 
even  against  excess  of  light.  In  the  most  simple  fila¬ 
mentous  forms  the  hair- like  branches  themselves  act  in 
this  way,  while  the  genera  with  stouter  shoots  have  their 
sporangia  either  immersed  in  the  substance  of  the  thallus, 
or  associated  with  dense  tufts  of  hairs,  or  sunk  in  pits  (con- 
ceptacles).  In  short,  they  exhibit  after  one  fashion  or 
another  a  tendency  to  conceal  -the  developing  reproductive 
bodies.  This  tendency  finds  its  highest  expression  in  the 
development  of  conceptacles,  and  we  accordingly  find  in 
the  most  highly  differentiated  order  of  the  group,  viz. ,  the 
Fttcacece ,  the  most  perfect  example  of  conceptacle. 

If  we  may  look  for  an  illustration  elsewhere  of  the  view 
I  wish  to  state,  it  has  been  well  said  of  the  Ascomycetes, 
among  the  fungi,  that  the  flasked-shaped  perithecium  is  the 
same  thing  as  the  basin-,  or  flat  disc-shaped  apothecium 
with  the  edges  curled  up.  If  we  regard  the  sori  of 
olive -brown  algae  in  the  same  way,  the  conceptacle  of 
Splachnidium  is  much  the  same  thing  as  a  Laminarian  sorus 
with  its  edges  curled  up.  I  was  so  much  impressed  with 
this  simple  view  of  the  matter  some  years  ago  that  it  has 
led  me,  with  the  help  of  fellow-workers,  to  make  as  minute 
a  study  as  material  has  permitted  of  the  Laminarian  sori 
and  cryptostomata,  and  of  these  bodies  in  other  orders. 
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The  discovery  of  cryptostomata  in  the  sori  of  Adenocystis 
and  Hydroclathrus  seemed  to  point  to  rudimentary  con¬ 
ceptacles,  or,  if  it  be  preferred,  ancestral  ones.  This 
evidence  might  be  made  to  fit  without  violence  into  the 
general  scheme  of  seeking  shelter  of  the  kind  for  reproduc¬ 
tive  bodies.  We  have,  however,  to  reckon  with  the  fact 
that  in  other  forms  the  cryptostomata  occur  apart  from  the 
sori,  and  it  is  precisely  this  kind  of  obstinate  fact  that  shows 
us  the  futility  in  the  present  state  of  evidence  of  guessing 
at  the  relative  antiquity  of  conceptacles  and  cryptostomata. 
If  anything  it  favours  Miss  Bartons  view  that  they  are  “of 
equal  antiquity,  and  that  neither  is  an  outcome  of  the 
other  ”. 

The  search,  however,  among  the  Laminarian  sori  for 
evidence  of  curling  up,  of  seeking  the  shelter  so  provided, 
has  been  rewarded  in  the  cases  described  by  Miss  A.  L. 
Smith  and  Miss  Frances  Whitting  (8).  The  sporophyllous 
leaves  of  Postelsia  and  the  gigantic  Macrocystis  are  fur¬ 
rowed  longitudinally  with  parallel  trenches,  and  it  is  within 
the  shelter  of  these  trenches  that  the  sori  of  sporangia  are 
placed.  So  perfect  is  this  adaptation  that  a  transverse  sec¬ 
tion  of  the  leaf  (see  plate  xx.,  figs.  2  and  5  of  their  memoir) 
would  appear  to  show  the  effect  of  a  series  of  conceptacles  like 
those  of  Splachnidium.  Of  course  this  appearance  is  shown 
only  in  transverse  section,  and  proves  nothing  more  than 
that  it  is  an  adaptation  to  the  same  end  as  a  conceptacle,  of 
a  less  perfect  kind  probably,  at  all  events  of  a  simpler  kind. 

I  have  cited  these  instances  and  considerations  with  no 
pretence  of  offering  an  adequate  explanation  of  the  puzzles 
to  be  found  in  this  subject,  but  rather  with  the  hope  of 
showing  that  the  conceptacles  and  cryptostomata  of  the 
Fucacecz  are  not  isolated  phenomena,  but  part  merely  of  a 
series  showing  the  same  character  and  tendency,  and  called 
forth  to  meet  like  requirements. 

Recent  attempts  to  classify  the  orders  of  olive-brown 
algae  have  been  characterised  for  the  most  part  by  too 
much  being  made  of  the  differences  between  them.  This  is 
a  very  natural  thing  under  the  circumstances,  but  it  is 
occasionally  well  for  us  to  dwell  rather  on  the  resemblances, 
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and  to  ascertain  whether,  after  all,  the  gulfs  that  have  been 
fixed  between  certain  orders  are  so  wide  as  we  are  prone  to 
believe.  But  for  the  absence  of  conceptacles,  to  which 
perhaps  less  weight  may  be  attached  from  considerations  I 
have  submitted,  the  male  and  female  sori  of  Cutleriacece 
have  a  strong  resemblance  to  those  of  Fucacece .  There  is 
the  further  deeply  interesting  fact  of  the  occurrence  of  non- 
sexual  sporangia  in  this  order,  a  mode  of  reproduction 
absent  from  the  Fucacece.  The  unfertilised  oosphere  is 
ciliated  unlike  that  of  the  Fucacece ,  but  it  is  not  impregnated 
until  it  has  come  to  rest,  and  it  is  considerably  larger  than 
the  antherozoids.  It  is  customary  to  mark  off  these  groups 
(and  sometimes  the  Tilopteridacece  with  them)  from  the 
Phceosporece ,  i.e.,  the  remainder  of  the  olive-brown  sea¬ 
weeds  (except  Dictyotacece ),  and  for  purposes  of  classification 
this  is  of  course  necessary,  but  among  the  Phceosporece 
interesting  types  emerge  which  suggest  at  least  continuity. 
The  genus  Myriotnchia  (9),  for  which  it  is  difficult  to  find 
a  proper  home,  has  unilocular  sporangia  of  the  ordinary 
kind,  but  its  plurilocular  sporangia,  which  give  rise  to  the 
conjugating  gametes,  are  exceptional.  There  are  differences 
of  size  among  them,  and  this  difference  is  but  the  outward 
expression  of  the  nature  of  their  contents.  As  a  rule 
the  small  sporangia  (or  gametangia)  give  rise  to  four 
large  gametes,  and  the  others  to  eight,  but  the  number 
varies  from  six  to  twelve.  The  interesting  point  is  that 
conjugation  takes  place  only  between  a  large  gamete  and  a 
small  one,  and  apparently  either  while  motile  or  at  the 
moment  of  coming  to  rest.  The  large  one  appears  to 
absorb  the  small  one,  and  soon  nothing  but  the  two  pig¬ 
ment  spots  remain  to  mark  their  former  separate  existence. 
We  have  here  a  preservation  of  the  difference  of  size. 
Looked  at  simply  from  the  point  of  view  of  conjugation 
Cutleria  is  a  link  between  the  types  of  Fucus  and  of 
Myriotrichia.  The  better-known  case  of  Ectocarpus  sili- 
culosus  offers  another  exception  to  the  rule  of  equal  con¬ 
jugation  of  gametes.  Here  the  female  gamete  first  comes 
to  rest,  and  is  then  surrounded  by  numerous  male  gametes, 
one  of  which  succeeds  in  conjugating  with  the  female 
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gamete.  That  it  should  first  come  to  rest  recalls  Cutleria 
again,  and  in  part  Myriotrichia  also. 

The  Ectocarpacece  supply  us  in  fact  with  quite  a  crop 
of  aberrant  forms,  puzzling  to  the  systematise  but  of  the 
highest  interest  from  our  point  of  view.  In  Ectocarpus 
secundus  and  E.  Lebeln,  recently  investigated  afresh  by 
M.  Bornet  (10),  there  occur  bodies  to  which  we  cannot  hesi¬ 
tate  to  apply  the  term  antheridia.  Considering  other  resem¬ 
blances  between  Tilopteridacece  and  Ectocarpacece  this  matter 
has  a  particular  interest.  The  antherozoids  completely  re¬ 
semble  those  of  Fums,  Cutleria  and  Tilopteris ,  and  we  must 
inevitably  regard  them  as  possessing  the  same  potentiality. 
The  absence  of  a  chromatophore  and  of  reserve-material  in 
their  protoplasmic  contents  points  to  an  incapacity  for  further 
development.  The  so-called  zoospores  of  these  species  are 
almost  as  much  greater  than  these  in  size,  as  the  ciliated 
oosphere  of  Cutleria  is  greater  than  its  antherozoids. 

Another  species  of  Ectocarpus ,  viz. ,  E.  pusillus  Griff, 
(not  E.  pusillus  Kutz,  in  which  Goebel  has  observed  con¬ 
jugation — the  latter  is  properly  called  E.  globifer,  as  Bornet 
has  shown),  starts  another  train  of  reflections.  The  spores 
(at  least  those  of  the  plurilocular  sporangia)  have  no  cilia, 
and  are  immobile.  This  latter  character  does  not  necessarily 
point  to  the  Tilopteridacece,  as  has  been  held,  since  the 
unilocular  sporangia  of  E.  pusillus  contain  a  number  of 
spores,  and  the  unilocular  bodies  of  Tilopteridacece  have 
but  one  spore  (or  oosphere,  as  the  case  may  be).  The 
loss  of  active  mobility,  however,  recalls  the  cases  of  the 
oospheres  of  the  Fucacece ,  as  well  as  the  presumptive  ones 
of  Tilopteridacece,  and  of  all  three  kinds  (male,  female  and 
non-sexual)  in  the  Dictyotacece.  In  Tilopteris  and  Ebaplo- 
spora  the  so-called  oosphere  is  clothed  with  a  membrane 
before  it  is  set  free,  but  in  Scaphospora  the  membrane  is 
not  secreted  until  after  it  is  set  free.  If  we  regard  these 
bodies  as  oospheres,  the  objection  arises  that  they  are  set  free, 
in  two  of  the  genera,  enveloped  in  a  membrane,  but  it  should 
be  remembered  that  the  oogonia  of  Pelvetia  ( Fucacece )  have 
a  persistent  inner  gelatinous  membrane  which  does  not 
prevent  fertilisation. 
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The  absence  of  active  mobility,  however,  is  most  in¬ 
teresting  when  we  come  to  consider  the  case  of  Dictyotacecz . 
Some  authors  have  sought  in  them  a  link  with  the  Fioridecz , 
and  most  now  go  so  far  as  to  assign  them  a  place  apart 
pointing  towards  Fioridecz.  This  view  is  based  on  the 
unciliated  character  of  all  the  reproductive  bodies,  the 
resemblance  of  the  motionless  antherozoids  to  the  spermatia 
or  pollinoids  of  Fioridecz ,  and  the  division  into  four  of  the 
spores  constituting  a  likeness  to  the  tetraspores  of  the  same 
group.  The  contention  really  rests  on  no  more  than  this 
slender  support,  and  the  absence  of  any  observation  of 
fertilisation  leaves  the  field  open  for  speculation.  We 
have  seen  in  Ectocarpus  puszllus  a  lack  of  mobility  in  the 
contents  of  the  plurilocular  sporangia  which  is  a  fair  parallel 
to  the  motionless  antherozoids,  if  I  may  so  term  them,  of 
Dictyotacecz.  Then  as  for  the  so-called  tetraspores,  they 
are  extruded  without  a  membrane,  though  they  soon  secrete 
one.  But  their  condition  on  emission  is,  to  sav  the  least, 
just  as  consistent  with  loss  of  cilia  as  with  loss  of  mem¬ 
brane  ;  it  is  a  physiological  condition  of  which  too  much 
can  readily  be  made.  As  for  the  number — four — which 
has  suggested  the  comparison  with  the  tetraspores  of  the 
Fioridecz ,  even  that  is  inconstant.  The  prevailing  number 
is  certainly  four,  but  frequently  only  two,  or  rarely,  one. 
No  trichogyne  or  corresponding  body  has  been  observed, 
and  the  sorus  of  presumptive  female  reproductive  bodies 
answers  very  much  better  for  degenerate  Phczophycecz  than 
for  Fioridecz.  The  presumptive  oogonia  are  motionless, 
so  are  the  corresponding  bodies  in  Tilopteridacecz ,  so  are 
the  oospheres  of  Fucacecz.  The  character  of  the  vegetative 
organs  is  overwhelmingly  in  favour  of  Phczophycecz.  The 
Dictyotacecz  in  fact  are  most  interesting  when  compared 
with  Cutlcnacecz ,  in  which  all  three  kinds  of  reproductive 
bodies  are  ciliated.  The  growth  of  the  thallus  is  certainly 
different,  since  in  Cutleria  it  is  trichothallic.  But  it  may 
be  recalled  that  the  growth  of  the  Aglaozonia  or  non-sexual 
forms  of  Cutleria  is  not  trichothallic  but  by  marginal  initials. 
It  would,  moreover,  be  unwise  to  insist  too  much  on  this 
when  we  remember  the  tuft  of  hairs  at  the  apical  dimple  in 
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very  young  Fucus  plants,  for  example,  which  may  indicate 
as  other  facts  do,  that  there  is  no  great  gulf  separating 
trichothallic  growth  from  that  by  an  apical  cell,  or  group  of 
equivalent  initial  cells. 

These  few  facts  not  commonly  brought  together,  and 
apt  to  be  taken  for  insignificant  in  themselves,  may  never¬ 
theless  help  us  to  think  less  of  the  differences  that  exist 
and  cause  confusion  in  the  classification  of  the  orders  of 
Phczophycece ,  and  more  of  the  points,  many  of  them  more 
obvious  than  those  I  have  cited,  which  lead  us  to  group  them 
altogether  in  one  great  sub-class. 
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BUDDING  IN  TUNICATA. 

NOTE. 

Corrigendum. — Upon  referring  again  to  Fobs  memoir 
on  the  Appendiculariidae  (a  work  which  I  was  unable  to 
consult  when  writing  my  recent  article  on  Budding  in 
Tunicata),  I  find  that  two  unessential  details  in  that  article 
require  correction.  Fol  cannot  be  credited  with  the  theory 
to  which  I  referred  on  pp.  51  and  52,  in  spite  of  the  am¬ 
biguity  of  his  remarks  on  Doliolum  (Fol,  p.  6,  footnote) ; 
and  Kowalevskia ,  to  which  I  referred  on  p.  52,  seems  in 
reality  (Fol,  pi.  xi.,  fig.  5)  to  possess  a  circlet  of  fine  cilia  in 
its  branchial  canals,  although  no  statement  to  this  effect  is 
made  in  the  text,  and  no  cilia  are  represented  on  pi.  xi., 
%  5- 
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NEW  ASPECTS  OF  AN  OLD  AGRICULTURAL 

QUESTION. 

THE  FIXATION  OF  FREE  NITROGEN  BY  PLANTS. 

PROBABLY  no  question  in  the  history  of  agriculture 
has  stirred  the  mind  of  man  more  than  that  which 
asks  :  “  Whence  do  plants  obtain  their  nitrogen  ?  ”  And  of 
late  years,  when  science  had  apparently  succeeded  in  giving 
a  very  definite  and  complete  answer  to  the  question  as 
regards  most  plants,  and  in  showing  that  the  question  itself 
raises  a  number  of  others  which  must  be  attacked  separately 
before  we  can  hope  for  the  answer  as  regards  others,  a  gradu¬ 
ally  culminating  storm  directed  on  what  appeared  to  be  the 
last  stronghold  to  be  conquered  has  been  slowly  organised 
from  various  directions,  and  brought  about  a  conflagration 
of  hypotheses  and  suggestions  which  promises  not  only  to 
break  down  or  blow  up  the  citadel  in  question,  but  to  light 
up  the  territory  around  so  brilliantly,  and  from  so  many  sides, 
that  its  aspect  will  be  entirely  changed.  From  the  ruins  of 
the  old  ideas  the  new  agriculture  will  arise. 

We  are  told  (2)  that  the  Romans  were  aware  of  the 
fact  that  impoverished  agricultural  land  could  be  enriched 
by  growing  beans,  lucerne,  and  other  papilionaceous  plants 
on  it  for  a  season,  and  that  the  addition  of  manure  was  not 
necessary  ;  and  it  is  evident  that  a  belief  in  the  efficacy  of 
certain  crops  as  soil  improvers  has  prevailed  at  various 
times  in  different  countries. 

It  is  clear,  however,  that  no  definite  ideas  of  import- 
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ance  to  us  now  could  exist  before  the  discoveries,  towards 
the  end  of  the  last  century,  which  led  to  the  foundation  of 
that  central  scientific  doctrine  around  which  the  whole 
practice  of  agriculture  must  revolve,  viz.,  that  the  green 
plant  is  a  living  focussing  engine,  which  concentrates 
energy,  in  the  form  of  solar  radiations,  and  packs  it  away 
in  its  combustible  substance  in  a  latent  or  potential  form, 
capable  of  being  made  to  do  work  at  a  later  time,  and  in 
another  place. 

Only  after  a  series  of  brilliant  chemical  pioneers  had 
discovered  the  existence  and  properties  of  oxygen,  carbon, 
hydrogen,  and  nitrogen,  and  the  composition  of  water,  car¬ 
bon  dioxide,  and  ammonia,  while  equally  important  physio¬ 
logical  discoveries  had  explained  the  primary  functions  of 
green  leaves  and  their  relations  to  light  and  air,  was  it 
possible  to  begin  building  up — laboriously  and  with  many 
slips  at  first — our  present  theory  of  nutrition  (3). 

This  theory  can  hardly  be  said  to  have  obtained  firm¬ 
ness  until  Sach’s  splendid  demonstration,  about  thirty-five 
years  ago  (4),  proved  that  the  fulcrum  on  which  all  turns 
is  the  construction  of  carbo-hydrates  in  the  chlorophyll 
apparatus  of  the  green  plant. 

Chemical  and  physiological. theory  were  then  in  a  position 
to  see  more  clearly  than  ever  before  that,  given,  on  the  one 
hand,  a  practically  limitless  supply  of  carbon-dioxide  and 
water  in  the  environment,  and  of  available  energy  in  the 
form  of  solar  radiations,  and,  on  the  other  hand,  a  living 
machine  like  the  green  plant  capable  of  so  directing  this 
energy  on  the  carbon-dioxide  and  water  brought  together 
in  its  cells  that  the  greater  part  of  it  is  stored  for  the  time 
being  in  the  molecules  of  carbo-hydrates,  resulting  from 
the  decomposition  of  the  carbon-dioxide  and  water,  you  have 
a  real  source  of  wealth  which  can  be  theoretically  calculated 
in  scientific  units,  and  expressed  in  the  only  terms  which 
really  mean  access  of  wealth. 

Every  grain  of  starch  or  sugar  or  other  carbo-hydrate 
thus  formed  is  capable  of  liberating  a  perfectly  definite  and 
measurable  amount  of  energy,  the  amount  locked  up  in  it 
from  the  sun  ;  and  it  does  not  matter  whether  this  energy 
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was  locked  up  ages  ago  in  the  coal  now  brought  to  our 
doors,  or  a  century  ago  in  the  wood  we  are  now  burning, 
or  some  months  ago  in  the  potatoes  or  bread  we  eat  to-day, 
or  only  a  day  or  hour  or  two  ago  in  the  grass  our  sheep  are 
feeding  on,  the  fact  remains  that  just  the  energy  locked  up 
in  the  material  in  question  at  the  time  it  was  formed  is  the 
maximum  amount  obtainable,  and  it  constitutes  the  real 
gain  of  wealth  obtained  from  the  outside  universe,  con¬ 
densed  on  to  our  sphere  of  action  by  the  green  plant. 

But  another  point  began  to  be  clear  as  the  establish¬ 
ment  of  the  above  truth  became  firmer,  namely,  that  these 
carbon-compounds  are  the  starting  products  for  the  synthesis 
of  the  much  more  complex  nitrogenous  compounds  of  which 
living  structure  is  formed.  Somewhere  and  somehow  in  the 
living  cell,  the  carbon-compounds  referred  to  are  brought 
into  contact  with  nitrogen,  and  traces  of  other  elements  (of 
which  sulphur  and  phosphorus  are  the  most  important),  and 
worked  up  into  the  higher  nitrogenous  bodies  so  remark¬ 
able  for  the  extraordinary  quantities  of  energy  they  are 
capable  of  liberating,  and,  what  is  more  important,  of 
economically  utilising. 

Physiologists  have  shown  clearly  that  in  order  to  obtain 
the  energy  necessary  to  work  this  apparent  miracle  of 
synthesising  nitrogenous  compounds  from  carbo-hydrates 
and  nitrogen,  the  living  machinery  of  the  cell  oxidises  and 
burns  back  into  carbon-dioxide  and  water,  part  of  the  excess 
of  the  stored  carbo-hydrates  themselves — the  cell  thus 
respires,  and  in  this  respect  behaves  as  does  any  living  cell 
of  an  ordinary  animal. 

Having  shown  that  the  functions  of  the  chlorophyll 
apparatus — to  manufacture  carbo-hydrates  from  carbon- 
dioxide  and  water,  by  means  of  the  energy  of  solar  radia¬ 
tions,  oxygen  escaping  free — are  not  only  not  contradictory 
of  those  of  the  oxygen-respiring  living  cell — where  the 
burning  of  part  of  the  gained  carbo-hydrates  to  carbon- 
dioxide  and  water  occurs  as  in  an  animal  cell — the  path 
was  now  clear  to  inquire  into  the  question  of  the  nitrogen 
employed  in  the  further  syntheses  of  the  more  complex 
substance  built  up  at  the  expense  of  the  carbo-hydrates. 
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What  could  be  more  natural  in  seeking  for  the  explana¬ 
tion  of  the  supply  of  nitrogen,  than  to  turn  to  the  ocean  of 
free  nitrogen  in  the  atmosphere  as  the  source  of  this 
element  ? 

Recourse  to  rigidly  controlled  experiments  in  the  hands 
of  Boussingault  (5)  and  of  Lawes  and  Gilbert  put  beyond 
all  doubt,  however,  that  under  the  conditions  devised  for 
these  experiments  in  closed  apparatus ,  the  typical  agricultural 
plants  such  as  beans,  peas,  wheat,  barley,  potatoes,  etc., 
assuredly  do  not  “fix”  or  directly  make  use  of  the  free 
nitrogen  of  the  atmosphere,  but  must  have  their  nitrogen 
presented  in  some  combined  form,  and  especially  as  nitrates  ; 
whereas  they  do  manufacture  carbon  compounds  out  of  the 
carbon-dioxide  and  water. 

It  is  extremely  instructive  and  interesting  to  examine 
the  controversies  which  raged  around  these  questions,  and 
to  see  how  sound  was  the  basis  of  pure  experiment  on  which 
their  settlement  was  made. 

The  only  possible  conclusion  as  regards  the  nitrogen 
supply  seemed  to  be  that  it  depends  on  three  principal 
sources:  (1)  Mineral  results  of  decomposition  of  rocks, 
ejecta  from  volcanoes,  subterranean  springs,  etc.  ;  (2)  the 
products  of  decay  of  animal  and  vegetable  bodies,  and  (3) 
the  ammonia  and  nitric  acid  brought  down  in  rain,  and 
principally  furnished  by  the  results  of  electric  discharges  in 
the  air. 

In  fact,  the  green  plant  seemed  to  depend  for  its  nitrogen 
entirely  on  nitrates,  or  compounds  convertible  into  nitrates, 
absorbed  by  its  roots  and  carried  in  the  water  supply  to  the 
seat  of  activity  where  the  higher  nitrogenous  compounds  are 
synthesised,  and  although  we  now  know  that  this  statement 
is  too  wide,  it  serves  as  the  basis  of  the  general  argument. 

Meanwhile  and  as  time  went  on,  a  number  of  discoveries 
and  generalisations  in  various  directions  in  botany  were 
having  their  bearing  on  the  question. 

Parasitic  and  saprophytic  plants  were,  of  course,  dependent 
on  green  plants  for  their  supplies  of  organic  materials,  and 
the  former  especially  were  dependent  on  other  organisms  for 
their  nitrogenous  compounds,  just  as  animals  are. 
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The  study  of  the  insectivorous  plants,  especially  by 
Darwin  (7),  showed  clearly  that,  in  some  cases,  at  any  rate, 
there  exists  arrangements  for  acquiring  nitrogen  very 
directly  from  animal  bodies. 

All  these  examples  of  what  may  be  called  small  circula¬ 
tions  of  nitrogen  do  not  really  affect  the  question  of  the 
great  circulation  of  this  element  in  Nature,  and  much 
concern  was  expressed  by  those  who  asked  :  Whence  come 
the  new  supplies  of  nitrogen  to  replace  the  enormous  loss 
which  is  continuously  going  on  as  the  nitrates  drain  into  the 
subsoil,  beyond  the  reach  of  the  roots,  and  into  the  rivers, 
and  eventually  to  the  sea  ?  One  of  the  two  things  must  be 
happening  ;  either  the  surface  of  the  land  is  becoming 
slowly  deprived  of  the  nitrogen  supplies  alone  available  to 
plants,  or  the  vast  extents  of  untouched  prairie-land,  forests, 
etc.,  in  various  parts  of  the  world,  are  kept  in  balance  by  the 
continuous  supplies  of  atmospheric  nitrogen  compounds  due 
to  electric  discharge  sufficing  to  cover  the  loss  always  going 
on  below. 

Many  people  were  not  satisfied  that  this  supply  of  sub¬ 
aerial  nitrogen  compounds  was  sufficient  to  cover  the  loss, 
even  allowing  that  the  slow  disintegration  of  rocks  below, 
and  the  bringing  to  the  surface  of  the  nitrogen  containing 
minerals  by  capillarity,  action  of  worms,  and  other  agencies, 
delayed  the  final  but  inevitable  loss.  Besides,  old  meadows 
annually  cropped,  but  not  manured,  were  found  to  give 
steady  crops.  But  another  set  of  ideas  had  begun  to 
influence  the  matter,  starting  from  what  was  at  first  an  old 
point  of  view,  and  developing  into  a  doctrine  which  has 
done  more  to  revolutionise  agricultural  science  than  any¬ 
thing  since  the  explanation  of  assimilation. 

The  older  observers  would  have  had  great  difficulty  in 
conceiving  of  the  soil  in  which  plants  grow  as  anything 
more  complex  than  a  mixture  of  sand,  clay,  lime,  and  bits  of 
other  dead  substances,  but  a  modern  botanist  realises  that  it 
is  a  far  more  delicate  and  intricate  medium  than  that. 

The  neighbourhood  of  the  finest  rootlets  of  a  bean, 
lucerne,  wheat  plant,  oak,  or  pine,  offers  to  us  a  field  of 
research,  which  only  stops  short  of  bewildering  our  ideas 
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by  its  complexity  when  we  remember  the  extraordinary  and 
fruitful  results  that  have  been  obtained  already  during  the 
last  two  or  three  decades.  First  came  the  recognition  of  the 
fact  that  every  fertile  soil  abounds  in  microscopic  organisms, 
and  this  to  a  startling  degree.  Taking  at  haphazard  some 
later  enumerations  as  more  reliable  than  the  earlier  ones, 
Beumer  (8)  found  44,000,000  to  45,000,000  of  germs  of 
various  kinds  in  1  c.c.  of  sandy  humus  ;  Maggiora  (9) 
got  11,000,000  in  the  soil  of  fields  ;  and  Caron  (10) 
gives  up  to  15,000,000,  and  so  the  numbers  proceed. 

We  may  expect  about  1,000,000  to  10,000,000  of  germs 
then  in  a  small  thimbleful  of  such  soil.  What  are  these  gferms 
doing  ?  A  few  are  undoubtedly  those  of  injurious  para¬ 
sites  ;  others  are  merely  the  fungi  and  bacteria  which  live 
as  saprophytes  on  the  decaying  vegetable  and  animal 
remains,  and  their  study  is  bound  up  with  the  whole  ques¬ 
tion  of  the  manure  heap  and  the  fermentations  and  putre¬ 
factions  which  bring  organic  substances  back  again  into  the 
forms  of  carbon-dioxide,  water,  and  ammonia;  yet  others  are 
now  known  from  the  researches  of  Schloesing  and  Miintz 
(11),  Warington  (12),  Frankland  (13),  and  especially  Wino¬ 
gradsky  (14),  which  oxidise  ammonia  to  nitrous  and  nitric 
acids  ;  while  yet  others,  as  appears  from  works  by  Breal, 
Heraeus,  Frankland,  Gayon  and  Dupetit,  and  especially 
Giltay  and  Aberson,  and  Burri  and  Stutzer  (15),  undo  the 
work  of  these  “  nitrifying  ”  bacteria,  and  “  de-nitrify,”  as  the 
ill-chosen  term  has  it,  the  highly  oxidised  salts  of  nitrogen, 
that  is  de-oxidise  nitrites  to  nitrates  and  ammonia,  and 
even  to  free  nitrogen. 

In  addition  to  these  forms  occupied  in  oxidising  am¬ 
monia  and  in  reducing  nitrates,  however,  the  researches  of 
Berthelot  (16)  and  Winogradsky  (17)  point  to  the  existence 
of  forms  which,  provided  there  are  plenty  of  carbo-hydrates 
available ,  can  fix  free  nitrogen  in  their  living  machinery, 
and  by  means  of  energy  obtained  from  the  destruction  of 
relatively  wasteful  quantities  of  carbon,  compel  this  nitro¬ 
gen  to  enter  into  synthesis.  In  the  case  of  Winogradsky’s 
work,  and  the  known  ability  of  the  observer,  it  certainly 
does  look  as  if  he  had  succeeded  in  isolating  a  definite 
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form  capable  of  forcing  free  nitrogen  into  the  synthesis 
of  organic  compounds  in  some  such  way  as  is  hinted  at, 
though  we  are  quite  unable  to  explain  the  machinery  which 
effects  this.  The  probability  is  that  nascent  hydrogen 
combines  with  the  free  nitrogen  and  ammonia  is  formed. 

In  our  astonishment  at  any  such  processes  as  these,  we 
must  not  lose  sight  of  the  truth  that  when  a  living  cell 
respires,  and  oxidises  large  quantities  of  carbo-hydrate  in 
the  process,  the  respiration  is  not  a  mere  direct  oxidation  of 
these  combustible  substances,  but  is  a  complex  physiologi¬ 
cal  process  where  the  energy  obtained  from  the  destruction 
of  the  carbo-hydrate  is  unlocked  in  the  living  protoplasm 
and  applied  in  ways  which  it  is  true  we  cannot  yet  trace, 
but  which  we  are  sure  are  rhythmical  and  effective  in  their 
action  beyond  our  present  powers  of  imitation. 

Where  a  “  nitrifying  ”  bacterium  oxidises  ammonium- 
carbonate  to  nitrite  and  nitrate,  energy  is  available,  and  can 
be  employed  in  doing  work  in  the  cell,  e.g .,  forcing  other 
parts  of  the  ammonium-carbonate  into  the  synthesis  of 
organic  compounds,  and  if  we  are  astonished  at  this  usage 
of  ammonium-carbonate,  what  shall  we  say  to  the  corre¬ 
sponding  oxidation  of  sulphur  or  sulphuretted  hydrogen  by 
the  sulphur  bacteria,  or  of  compounds  of  iron  by  the  bac¬ 
teria  of  ferruginous  waters  ?  Nevertheless  Winogradsky’s 
work  has  rendered  it  extremely  probable  that  many  such 
cases  will  yet  be  discovered  to  exist. 

As  Pfeffer  (18)  has  pointed  out  very  clearly,  these  cases 
do  not  render  the  bacteria  in  question  any  more  indepen¬ 
dent  of  solar  energy  than  the  green  plant  itself ;  for  the 
oxygen  necessary  is  in  the  last  case  derived  from  the 
chlorophyll  activity  of  these  plants,  and  the  reduction  of 
nitrates  to  ammonia  is  sooner  or  later  referable  to  the 
action  of  living  green  plants. 

After  all,  therefore,  the  actions  of  these  “  nitrifying  ” 
and  “  de-nitrifying  ”  organisms  are  just  as  dependent  on 
the  process  of  synthesis  of  carbo-hydrates  by  the  green 
plant,  as  are  the  actions  of  ordinary  saprophytes  and  para¬ 
sites,  and  herbivorous  and  therefore  carnivorous  animals. 

While,  then,  the  investigation  of  the  numerous  organisms 
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in  the  soil  is  revealing  to  us  possible  sources  of  nitrogen- 
fixation  undreamt  of  hitherto,  another  and  really  quite 
different  set  of  researches  has  culminated  in  the  recognition 
of  the  fixation  of  that  element  standing  on  a  still  firmer  ex¬ 
perimental  basis.  No  doubt  many  of  the  ancient  observers 
knew  of  the  nodules,  or  fleshy  lumps,  on  the  roots  of  legu¬ 
minous  plants.  In  any  case  Malpighi  knew  of  them  more 
than  200  years  ago,  and  Linneus  described  them  on 
Latkyrus.  Perhaps  the  first  serious  investigation  of  them 
was  by  Lachmann  in  1856  (19),  and  all  kinds  of  opinions 
were  expressed  as  to  their  significance,  but  without  under¬ 
standing  them.  In  1866  Woronin  (20)  discovered  that 
their  tissues  were  filled  with  bacterium-like  organisms,  and 
between  that  date  and  1887,  the  prevailing  opinion  was  that 
some  living  organism  of  the  nature  of  a  myxomycete,  a 
fungus,  or  a  bacterium,  makes  the  tissues  of  the  roots  its 
home. 

In  1887  I  (21)  showed  that  a  perfectly  definite  living 
organism  invades  the  tissues  from  the  soil,  and  proved  con¬ 
clusively  that  this  is  so  because  I  showed  it  passing  down 
the  root-hairs  of  beans  growing  in  water-cultures,1  and 
explained  the  relations  of  the  minute  bacterium-like 
organisms  which  fill  the  cells  of  the  tissues  to  the  filamen¬ 
tous  infecting  tube  which  penetrates  the  root-hair. 

This  organism  lives  symbiotically  in  the  tissues  of  the 
root-tubercles,  and  the  truth  gradually  became  clear  that 
not  only  are  these  nodules,  with  their  living  invaders,  not 
injurious  to  the  leguminous  plant,  but  the  latter  thrives  far 
better  if  they  are  abundant  and  well  developed ,  than  if  they 
are  few  or  absent. 

It  would  require  a  long  article  to  do  justice  to  the  large 
amount  of  detailed  work  by  various  observers  between 
1870  and  1890,  on  the  structural  details  of  these  tubercles, 
but  the  principal  names  concerned  in  addition  to  those 
given  are  Frank,  Brunchorst,  Tschirch,  Beyerinck,  Praz- 
mowski,  Viullemin  and  Prillieux  (22),  and  controversy 

1  I  mention  this  especially  because  there  has  been  a  tendency  of  late 
to  attribute  this  discovery  of  the  infecting  tube  passing  down  the  root-hair 
to  later  observers. 
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turned  chiefly  on  the  following  points  :  (1)  The  specific 
nature  of  the  living-  organism,  called  “  bacteroids,”  in  the 
cells  ;  (2)  their  exact  relation  to  the  leguminous  plant,  and 
what  becomes  of  them  when  the  plant  dies  ;  and  (3)  their 
behaviour  outside  the  plant,  since  it  was  evident  from 
various  observations  as  well  as  from  the  infection  via  the 
root-hairs,  that  they  pass  some  time  in  the  soil  around. 

The  outcome  was,  put  shortly,  the  organism  having 
invaded  the  root,  stimulates  the  cells  deep  down  in  the 
cortical  tissues  to  divide  and  form  a  delicate  tissue  of  hyper¬ 
trophied  cells  ;  as  these  enlarged  cells  multiply  the  organism 
keeps  pace  with  them,  sending  branches  into  each  new  cell. 
Eventually  myriads  of  bacterium-like  minute  bodies,  so 
generally  taken  to  be  true  bacteria,  but  with  peculiarities 
of  their  own  which  weaken  the  assumption,  are  detached 
from  the  invading  branches,  and  fill  these  living  cells.  The 
•latter  are  not  killed  by  the  infecting  bacteroids,  but,  on  the 
contrary,  show  signs  of  intense  physiological  activity,  accom¬ 
panied  by  the  destruction  of  copious  supplies  of  carbo¬ 
hydrates,  brought  to  them  from  the  leguminous  plant. 

After  a  time,  however,  the  activity  ceases,  and  the 
myriads  of  bacteroids  are  found  to  be  in  part  dis¬ 
organised.  Then  the  now  vigorous  leguminous  plant  is 
observed  to  absorb  the  disintegrated  contents  of  the  in¬ 
terior  of  the  nodules,  including  the  disorganised  bacteroids 
in  part,  the  rest  of  the  nodule,  and  a  certain  proportion  of 
bacteroids  which  have  escaped  destruction,  being  left  as 
ddbns  in  the  soil.  There  can  be  little  doubt  that  we  have 
three  periods  to  distinguish  here.  First,  the  invading 
organism  is  acting  as  a  parasite,  but  though  it  lives  at  the 
expense  of  the  cells  which  it  has  enslaved,  and  forced  to 
greater  and  greater  physiological  activity,  it  does  not  destroy 
them.  In  the  second  stage  we  have  a  period  during  which 
the  struggle  for  existence  is  evidently  extremely  intense  ;  at 
first  the  invading  organism  takes  everything  the  cells  can  give 
it,  but  gradually  it  passes  into  a  more  passive  condition,  and 
fills  the  cells  with  bacteroids,  and  all  proceeds  to  a  state 
of  comparative  rest.  Now  begins  the  third  stage.  The 
more  and  more  vigorous  leguminous  plant  exerts  a  draught 
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more  and  more  pronounced  on  the  passive  contents  of  the 
tubercle  (how  far  such  a  draught  on  some  of  the  contents 
has  been  going  during  the  second  stage,  we  cannot  say), 
and  everything  incapable  of  resisting  solution  and  absorp¬ 
tion  is  taken  up,  leaving  the  nodule  a  nearly  empty  limp 
collapsed  shell,  in  which  such  bacteroids  as  have  managed 
to  pass  into  a  sort  of  resting  stage  alone  remain  alive  to  be 
scattered  in  the  soil  around  as  the  debris  of  the  exhausted 
nodule  rots  away. 

It  is,  at  least,  certain  that  the  disorganised  and  absorbed 
contents  thus  taken  up  by  the  now  all-triumphant  leguminous 
plant,  are  extremely  rich  in  nitrogenous  materials  ;  the 
question  is,  can  this  nitrogen  represent  any  more  than  the 
combined  nitrogen  passed  into  the  cells  by  the  leguminous  plant 
itself,  and  which  at  most  has  undergone  transformations,  not 
affecting  its  quantity,  in  the  bodies  of  the  conflicting  organ¬ 
isms?  If  so,  of  course  the  storage  of  nitrogen  in  the  nodules 
would  be  a  mere  incident  not  affecting  the  question  before  us. 

Between  the  years  1888  and  1890  a  series  of  papers  by 
Hellriegel  and  Wilfarth  (23)  turned  public  attention  to  these 
leguminous  nodules  from  another  side.  During  the  progress 
of  a  long  series  of  experiments,  valuable  in  many  ways  to 
agricultural  science,  on  the  nutrition  of  cereals  andgramineous 
crops  as  compared  with  that  of  leguminous  plants,  the  above 
authors  were,  first,  again  struck  with  the  great  differences  in 
these  two  classes  of  plants,  as  regards  their  powers  of 
accumulating  nitrogenous  substances,  as  already  noticed  by 
others ;  and  were  then  led  to  compare  the  results,  as 
regards  gains  in  nitrogen  by  the  leguminosse,  with  the 
prevalence  and  size  of  the  nodules  on  their  roots.  They 
came  to  the  conclusion,  which  they  abundantly  supported  by 
experimental  results,  that  of  the  various  hypotheses  afloat  to 
account  for  the  gain  in  nitrogen  shown  by  leguminous  crops 
none  was  satisfactory,  but  that,  in  some  way  or  other,  the 
presence  of  the  nodules  was  concerned  in  the  matter — for 
leguminous  plants  devoid  of  nodules,  or  ill-furnished  with 
them,  either  lead  but  a  starved  existence  or  die  altogether, 
as  do  gramineae  in  any  case  if  no  source  of  nitrogen  beyond 
the  free  nitrogen  of  the  air  is  at  their  disposal. 
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Hitherto  there  were  four  sets  of  conflicting  opinions  in 
the  air  as  to  the  explanation  of  the  allegation  that  leguminosae 
can  accumulate  nitrogenous  substance  in  soil  so  poor  in 
nitrogenous  compounds  that  even  if  all  possible  sources  of 
combined  nitrogen  were  taken  into  account,  there  is  an 
unexplained  balance  in  favour  of  the  plant. 

First,  some  assumed  that  the  richly-foliaged  leguminous 
plant  assimilates  free  nitrogen  direct  from  the  air  by  the 
leaves  :  “  They  obtain  their  carbon  from  the  air— why  not 
their  nitrogen  ?  ” 

Second,  others  suggested  that  the  abundant  foliage 
enables  these  plants  to  gather  up  more  completely  than 
can  other  plants,  the  traces  of  nitrogen  compounds  always 
existing  in  the  air,  and  thus  to  concentrate  this  obscure 
supply. 

Third,  others  pointed  to  the  deep  and  abundant  root 
system  so  characteristic  of  many  leguminosae,  and  said  : 

“  These  roots  can  obtain  supplies  from  the  subsoil  far 
beyond  the  reach  of  the  roots  of  ordinary  plants  ”. 

And  fourth,  many  people  denied  that  any  difference  as 
to  power  of  obtaining  nitrogen  really  existed  between 
leguminosae  and  other  plants,  but  assumed  that  these  richly- 
rooted  plants  in  some  way  favour  processes  of  nitrogen 
accumulation  in  the  soil  itself- — processes  quite  independent 
of  vegetable,  but  in  some  way  produced  by  physical  or 
chemical  fixation  in  the  soil. 

* 

The  researches  of  Boussingault  and  of  Lawes,  Gilbert 
and  Pugh,  already  referred  to,  had  refuted  the  first  of  these 
jmggestions,  and,  properly  interpreted,  may  still  be  regarded 
as  a  complete  reply  to  the  assertions  of  Ville,  their  chief  * 
opponent.  But  we  must  not  forget  that  the  conditions  of 
these  experiments  excluded  the  infection  of  the  leguminous 
plant ,  and  that  the  results  obtained  were  got  with  plants 
devoid  of  nodules  on  their  roots. 

As  regards  the  second  hypothesis,  Hellriegel  and  Wil- 
farth  showed  clearly  (and  others  have  shown  the  same) 
that  unless  there  is  some  compound  of  nitrogen  in  the  air 
not  detected  by  the  methods  of  analysis  to  date,  the  gains  in 
analysed  peas  and  other  leguminosae,  growing  in  soils  free 
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from  nitrogen  compounds,  were  out  of  all  proportion  to  the 
supplies  of  combined  nitrogen  from  all  known  sources. 
This  result  was  only  obtained,  however,  with  peas,  etc., 
which  had  plenty  of  nodules  on  their  roots  ;  similar  plants 
devoid  of  the  nodules  passed  into  a  condition  of  starvation 
similar  to  that  to  which  graminese  succumbed  under  the 
same  conditions. 

The  answer  to  the  third  hypothesis  was  supplied  by 
experiments  in  pots,  where  no  subsoil  existed  to  store  the 
presumed  nitrogen  compounds  only  available  to  deep-diving 
leguminous  roots.  The  gramineous  roots  had  as  much 
chance  as  those  of  the  leguminosse  to  explore  the  medium, 
but  the  results  were  the  same— using  the  same  nitrogen-free 
soil  for  both  crops,  the  leguminosse  in  some  way  obtained 
nitrogen  elsewhere,  so  long  as  they  had  plenty  of  nodules. 

The  fourth  hypothesis  gave  trouble.  According  to  it, 
as  we  have  seen,  the  leguminous  plant  does  not  itself 
directly  accumulate  nitrogen  from  the  air,  but  it,  in  some 
way,  favours  processes  by  which  the  soil  accumulates  it  and 
renders  it  available  to  the  roots. 

Traces  of  combined  nitrogen  always  occur  in  the  air, 
and  can  be  absorbed  by  the  soil.  The  dust  of  the  air  con¬ 
tains  combined  nitrogen,  and  rain  is  always  bringing  down 
this  and  traces  of  ammonia  and  nitric  acid  formed  by  elec¬ 
tric  discharges.  Schonbein  and  others  have  stated  (though 
it  has  been  disputed)  that  ammoniacal  compounds  are  formed 
during  evaporation  from  moist  surfaces  or  combustion  in 
confined  air,  and  Berthelot  stated  that  even  electric  dis¬ 
charges  of  low  intensity,  such  as  pass  between  air  and  soil, 
can  produce  nitric  acid  by  forcing  the  free  nitrogen  of  the 
air  into  combination. 

Berthelot  had  already  stated,  moreover,  that  micro¬ 
organisms  in  the  soil  can  “fix”  free  nitrogen,  and  build  it 
into  their  bodies  ;  though  that  view  had  by  no  means 
obtained  the  acceptance  it  has  since  received,  being  then 
but  feebly  supported  by  experimental  evidence. 

The  debris  of  organisms  in  the  soil  is  continually  under¬ 
going  decompositions  with  liberation  of  ammonia,  and  this 
ammonia  owing  to  the  action  of  porous  bodies  and  alkalies 
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— to  say  nothing  of  the  nitrifying  organisms  now  known  to 
be  especially  effective — is  continually  being  oxidised  to 
nitric  acid  and  its  salts. 

Against  these  possible  gains  of  nitrogen  to  the  soil  we 
have  to  set  a  series  of  sources  of  loss.  Although  the 
upper  layers  of  soil  can  hold  certain  salts  of  nitrogen  with 
great  tenacity,  it  is  well  established  that  the  drainage  water 
carries  off  large  quantities  to  the  depths  of  the  subsoil,  and 
into  the  drains,  rivers,  etc.,  to  the  sea,  and  we  know  that 
de-nitrifying  organisms  cause  the  freedom  of  certain  quanti¬ 
ties  of  free  nitrogen  from  the  decomposition  of  nitrates  and 
other  compounds  of  that  element. 

It  was  impossible  to  trace  in  detail  this  complex  circu¬ 
lation  of  nitrogen  in  Nature,  and  Hellriegel  and  Wilfarth’s 
experiments  brought  the  question  to  this  crux. 

If  leguminosae  and  gramineae  are  grown  side  by  side 
in  pots,  in  nitrogen-free  soil  (or  soil  in  which  the  known 
nitrogen  contents  are  small),  the  gramineae  die  of  nitrogen 
starvation  :  so  do  the  leguminosae,  unless  their  roots  are 
infected  and  develop  plenty  of  nodules  containing  the  sym¬ 
biotic  organism.  In  the  latter  case  the  dosed  system  of  pot, 
soil ,  and  plant  gains  in  combined  nitrogen  to  such  a  large 
extent  that  there  is  no  doubt  the  excess  of  nitrogen  comes 
ultimately  from  the  free  nitrogen  of  the  air. 

Of  the  truth  of  this  conclusion  I  convinced  myself  by  a 
series  of  experiments  at  Cooper’s  Hill,  and  it  has  been 
abundantly  confirmed  by  many  other  observers. 

The  controversies  which  raged  about  this  time,  and  in 
which  Frank,  Berthelot,  Beyerinck,  Breal,  Lawes  and  Gil¬ 
bert,  Koch,  Nobbe  and  Hiltner,  and  Prazmowsky,  were 
especially  prominent  (22),  led  to  extremely  useful  informa¬ 
tion  and  ideas  which  would  carry  us  too  far  if  examined  in 
detail.  The  new  knowledge  did  not  alter  the  above  posi¬ 
tion,  and  the  results  can  best  be  made  clear  by  shortly  sum¬ 
marising  the  results  of  experiments  by  Laurent  and  Schloes- 
ing,  Koch  and  Kossowitsch  and  one  or  two  others. 

Laurent  and  Schloesing  (24)  repeated  the  old  experi¬ 
ments  of  Boussingault  and  Lawes,  Gilbert  and  Pugh,  under 
the  new  conditions  necessitated  by  the  new  knowledge. 
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They  grew  plants  from  seed,  leguminous  and  others,  in  a 
sterilised  glass  apparatus,  which  may  be  described  as  a  large 
test-tube  fitted  with  supply  and  exit  pipes,  through  which  a 
known  atmosphere  could  be  circulated  by  means  of  a  pump. 

The  whole  system  was  closed,  but  samples  of  the  atmo¬ 
sphere  could  be  withdrawn  and  analysed  at  any  time.  The 
apparatus  was  a  beautiful  and  ingenious  contrivance,  and 
provided  for  the  supply  of  water  and  carbon-dioxide  to  the 
foliage  exposed  to  the  light,  as  well  as  for  a  circulation  of 
air  known  to  consist  of  oxygen  and  nitrogen  in  the  free 
state  only,  all  nitrogen  compounds  being  taken  out. 

The  principle  of  the  experiment  was  this  :  Not  only  was 
the  nitrogen  in  the  seed  and  soil  and  in  the  atmosphere  in 
which  the  plants  were  growing  known  at  the  beginning  of 
the  experiment,  but  it  was  also  known  in  the  crop,  soil  and 
atmosphere  at  the  end  of  the  experiment.  Consequently  any 
“  fixation  ”  of  nitrogen  by  the  plant  appeared  as  a  balance 
at  the  conclusion  of  the  experiment.  It  would  take  too  long 
to  describe  the  details,  but  Laurent  and  Schloesing  proved 
that  not  only  did  the  nitrogen  increase  in  the  crop  of 
leguminous  plants,  but  a  corresponding  amount  had  disap¬ 
peared  from  the  atmosphere  surrounding  them.  This  result 
was  only  got  provided  these  plants  were  infected  with  the 
bacteroids,  however,  and  well  provided  with  nodules,  as 
described  above.  If  no  nodules  appeared- — the  bacteroid 
organism  not  being  added  to  the  sterilised  soil — the  legu- 
minosse  starved,  as  did  all  other  plants  such  as  cruciferse, 
graminese,  potato,  beet,  etc.,  tried. 

At  first  sight  this  seems  conclusive,  but  in  reality  it  does 
not  settle  the  real  point  at  issue.  It  does  prove — and  more 
conclusively  than  the  numerous  other  experiments  which 
have  now  placed  this  matter  beyond  all  doubt — that  the 
nitrogen  is  taken  from  the  air  and  must  be  taken  as  free 
nitrogen,  but  it  does  not  settle  the  question  whether  this  free 
nitrogen  is  forced  into  combination  in  the  soil  or  in  the 
leguminous  plant  itself,  and,  if  the  latter,  we  have  still  to 
ask,  is  the  fixation  due  to  the  bacteroids ,  or  to  the  symbiotic 
compound  plant  (leguminous  plant  plus  its  bacteroids)  ;  and 
whereabouts  in  the  infected  plant  does  it  take  place  ? 
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Frank  (25)  has  long  distinguished  himself  as  the  chief 
upholder  of  the  hypothesis  that  the  fixation  occurs  in  the 
leaves  and  other  sub-aerial  tissues  of  the  plant  itself ;  but  al¬ 
though  the  admirably  ingenious  experiments  of  Kossowitsch 
(26)  did  not  settle  the  question  whether  the  fixation  occurs 
in  the  subterranean  parts,  or  in  the  superterranean  foliar 
region,  they  did  render  the  latter  view  the  more  improbable 
one.  And  many  considerations  prevent  our  accepting 
Frank  s  hypothesis  that  the  symbiotic  organism  so  stimulates 
the  entire  organisation  of  the  infected  plant  that  its  assimi¬ 
lating  cells,  in  the  organs  exposed  to  light,  force  the  nitrogen 
straightway  into  combination. 

I  he  structure  of  the  nodules,  as  shown  by  the  researches 
of  others  as  well  as  by  my  own  analyses,  certainly  lends 
support  to  the  otherwise  probable  view  that  whether  the 
combination  is  effected  by  the  bacteroids  themselves,  or  by 
the  cells  infected  by  them,  the  actual  seat  of  the  action  is  in 
the  nodules.  Large  quantities  of  carbo-hydrates  are  carried 
to  these  cells,  a  complex  and  very  regular  system  of  vascular 
bundles  connects  them  with  the  mother-root,  the  infected 
cells  show  all  the  well-known  signs  of  intense  physiological 
activity,  and  it  is  known  that  the  plant  eventually  drains 
the  nodules  of  materials,  and  leaves  them  exhausted.  That 
carbo-hydrates,  water,  and  nitrogen  come  abundantly  into 
contact  in  these  cells,  there  is  no  doubt,  though  we  have 
no  measure  of  the  quantities  of  materials  passing  to  and 
from  the  nodules. 

On  the  other  hand,  all  attempts  to  demonstrate  that  the 
bacteroids  cultivated  outside  the  plant  can  assimilate  free 
nitrogen  have  failed,  unless  we  except  the  very  doubtful 
results  of  Beyerinck  (27).  It  is  true,  we  must  not  lay  too 
much  stress  on  these  negative  results,  because  the  cultiva¬ 
tion  of  an  organism  so  highly  adapted  as  this  must  be  to  its 
symbiotic  life  may  well  fail  outside  the  cells  of  the  host. 

Here,  then,  for  the  present  the  matter  stands.  The 
infected  leguminosae  do  bring  about  the  fixation  of  free 
nitrogen,  but  other  plants  do  not  ;  the  fixation  occurs  in  the 
underground  parts  of  the  plant,  and  not  by  physical  or 
other  processes  in  the  soil,  and  the  seat  of  fixation  is  the 
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infected  tubercles.  But  whether  it  occurs  by  means  of  the 
stimulated  protoplasm  of  the  cells  of  the  tubercle,  or  by 
means  of  the  protoplasm  of  the  bacteroids  here  placed  in 
such  circumstances  that  they  can,  by  oxidising  and  destroy¬ 
ing  large  quantities  of  the  carbo-hydrates  abundantly  brought 
to  them,  force  nitrogen  into  combination  on  their  own  account 
—as  Winogradsky’s  results  suggest  that  other  bacteria  can 
do  quite  apart  from  any  host  plant— must  for  the  time  being 
remain  an  open  question.  Meanwhile,  however,  another 
aspect  of  this  question  of  the  fixation  of  free  nitrogen  had 
forced  itself  into  the  foreground. 

In  Laurent  and  Schloesing’s  experiments  it  was  found 
that  although  sterilised  soil  alone  was  unable  to  fix  nitrogen, 
sterile  sand  on  which  certain  mixtures  of  common  soil, 
algae  and  bacteria  were  sown  did  fix  it.  Frank  (28)  had 
previously  stated  that  algae  could  fix  nitrogen  in  daylight 
but  not  in  the  dark  ;  and  Laurent  and  Schloesing  showed 
that  it  was  essential  that  their  algae  should  not  be  covered 
up  from  access  of  light,  eg. ,  by  a  layer  of  sand. 

In  all  these  cases  it  turns  out  that  we  have  to  do  not 
with  the  fixation  of  nitrogen  by  algae,  but  with  the  action 
of  symbiotic  combinations  of  algoe  and  bacteria ,  for  Kosso- 
witsch  (29)  has  recently  shown  that  the  algae  alone,  isolated 
in  pure  cultures  by  Beyerinck’s  method,  are  incapable  of 
fixing  the  nitrogen,  whereas  if  soil-bacteria  of  various  kinds 
are  allowed  access  to  the  algae,  in  the  slimy  cellulose  walls 
of  which  they  grow  and  establish  symbiotic  unions,  con¬ 
siderable,  and  in  some  cases  very  large,  amounts  of  free 
nitrogen  are  fixed,  and  this  power  is  increased  by  adding 
to  the  symbionts  just  such  carbo-hydrates ,  viz.,  sugars,  as  the 
algae  will  provide.  I  hese  experiments  not  only  throw 
much  light  on  the  whole  question,  but  they  possibly  enable 
us  to  understand  Berthelot’s  results,  in  which  nitrogen¬ 
fixing  bacteria  could  only  do  the  work  if  supplied  with 
plenty  of  carbo-hydrates,  and  bring  the  whole  matter  into 
relationship  with  Winogradsky’s  results.  In  fact,  as  the 
authors  referred  to  indicate,  and  as  Duclaux  (30)  has  re¬ 
cently  pointed  out,  it  looks  as  if  the  whole  question  of  nitro¬ 
gen  fixation,  whether  by  bacteria  of  soil,  the  nodule 
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organisms  of  the  leguminosse,  or  the  symbiotic  unions  of 
algse  and  bacteria,  resolves  itself  into  one,  viz.  ;  the  ques¬ 
tion  of  living  cells  under  certain  conditions  where  they  can 
destroy  large  quantities  of  carbon  compounds,  being  able  to 
obtain  the  energy  necessary  to  enable  them  to  force  free 
nitrogen  to  combine  with  some  of  the  products. 

If  this  is  so,  it  seems  to  me  there  is  a  question  definitely 
stated  for  chemistry  to  attack.  The  known  inertness  of  the 
nitrogen  molecule  seems  to  have  had  much  to  do  with 
discouraging  chemical  investigation  along  these  lines,  and 
I  am  told  that  practically  no  grounds  exist  for  a  deductive 
explanation  of  any  such  process  as  this  seems  to  imply.  Of 
course  we  must  not  forget  that  objections  to  hypothetical 
explanations  of  physiological  experiments  have  usually  been 
urged  at  similar  periods  to  that  which  the  nitrogen  question 
is  in,  and  have  done  good  service  ;  but  occasionally,  as  with 
Liebig’s  scepticisms  concerning  the  respiration  of  plants  as  a 
physiological  process,  persistence  in  the  demonstration  that 
a  given  result,  inexplicable  from  the  chemical  point  of  view, 
really  does  take  place  in  the  living  cell,  leads  to  valuable 
advances  in  knowledge. 

Evidence  has  been  given  to  show  (33)  that  we  cannot 
explain  the  matter  by  reference  to  the  newly-discovered 
constituent  of  the  atmosphere,  Argon  ;  and  it  seems  certain 
that  the  problem  is,  at  present,  insoluble. 

At  the  same  time,  we  must  not  forget  that  there 
are  plenty  of  other  cases  where  the  living  protoplasmic 
machinery  of  a  cell  carries  out  analytic  and  synthetic 
changes,  with  economy,  which  are  either  inimitable  in  the 
laboratory,  or  only  possible  at  high  temperatures,  or  under 
conditions  which  make  it  mysterious  how  the  cell  manages  to 
do  the  work  with,  apparently,  so  small  an  expenditure  of 
energy — I  say  apparently,  because  of  course  the  energy 
necessary  to  do  the  work  is  the  same  in  both  cases,  only  in 
the  laboratory  much  has  to  be  wasted  owing  to  the  methods 
of  application. 

These  facts  point  to  a  question  of  the  mode  of  present¬ 
ment,  so  to  speak,  of  the  molecules  concerned,  and,  no 
doubt,  the  chemist  will  soon  learn  some  method  of  so  bring- 
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ing  the  nitrogen  molecule  into  the  sphere  of  action  of  some 
carbon  compound  that  the  riven  molecules  of  the  gas  will 
enter  into  combination  with  the  latter  before  they  have  a 
chance  oi  again  combining  among  themselves  into  the 
ordinary  inert  form.  At  the  same  time  the  objection 
suggests  itself  that  if  it  is  all  a  matter  of  an  active  cell 
over-supplied  with  carbo-hydrates,  why  cannot  any  vegetable 
cell  do  the  trick?  It  seems  probable  that  further  research 
with  anaerobic  organisms  and  fermentation  may  help  us  to 
answer  this  question. 

On  the  other  hand,  we  ought  to  be  very  careful  before 
accepting  rough  agricultural  experiments  as  too  conclusive 
in  these  matters.  This  is  not  in  deprecation  of  the  empirical 
trials  so  valuable  in  all  pioneer  work,  and  I  would  emphasise 
the  fact  that  we  are  in  need  of  very  much  more  experimental 
work  of  the  nature  of  Caron’s  (10),  especially  summarised  as 
cautiously  as  he  has  done  it. 

Schultz-Lupitz’s(32)experiments  have  clearly  proved  that 
the  growth  of  lupins  on  poor  sandy  soils  does  improve  them, 
and  in  the  course  of  years  brings  up  the  nitrogen  contents  of 
these  soils  to  a  very  valuable  amount,  and  Caron,  struck 
with  the  general  consensus  of  results  indicating  that  bacteria 
in  the  soil  have  great  effects  on  processes  concerned  in 
vegetation,  set  himself  the  task  of  examining  the  soils  to  see 
how  far  the  artificial  infection  of  soil  by  various  bacteria 
improves  the  crops  and  affects  the  quantity  of  nitrogen. 

Shortly  summarised,  Caron  shows  pretty  clearly  that 
oats,  rye,  wheat,  etc.,  yield  better  results  when  there  are 
plenty  of  soil  bacteria  at  work  among  their  root-hairs  than 
when  the  latter  are  in  a  soil  not  thus  infected.  Caron  him¬ 
self  believes  that  the  bacteria  he  used  fixed  free  nitrogen, 
though  he  admits  that  the  beneficial  effects  may  be  due  to 
the  bacteria  rendering  compounds  available  which  would 
otherwise  have  remained  less  so. 

I  think  his  experiments  give  less  support  than  he  believes 
to  the  first  hypothesis,  and  that  he  does  not  clearly  show  all  the 
possibilities,  but  there  can  be  no  doubt  that  his  results  open 
up  a  splendid  field  of  inquiry,  which  ought  to  be  followed 
up  as  vigorously  as  possible,  by  means  of  exactly  con- 
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trolled  experiments  with  apparatus  such  as  that  used  by 
Laurent  and  Schloesing,  and  with  the  bacteria  employed 
not  only  cultivated  pure  (Caron  did  that),  but  examined 
rigidly  by  the  best  bacteriological  methods. 

In  any  case,  as  even  this  brief  summary  of  recent  re¬ 
sults  will  show,  the  problem  of  the  relation  of  the  agri¬ 
cultural  plant  to  soil  and  air  is  taking  new  turns,  and  it 
remains  to  be  seen  how  far  the  new  departures  will  carry 
us.  If  symbiosis,  whether  intimate,  as  in  the  case  of 
leguminous  plant  and  bacteroid,  etc.,  of  algae  and  bacteria, 
or  remote  (for  the  carbo-hydrates  necessary  are  merely  not 
handed  over  directly — a  point  which  only  makes  the  sym¬ 
biosis  disjunctive),  as  in  the  case  of  Winogradsky’s  and 
Berthelot’s  bacteria,  is  so  powerful  an  advantage  in  the 
struggle  for  existence,  we  may  well  expect  that  further 
research  will  yield  much. 

After  all  symbiotic  algae  and  bacteria  are  merely 
lichens — bactero-lichens  if  you  will  ;  if  it  turns  out  that 
some  of  the  lichens  on  the  bare  crags  and  peaks  of  primi¬ 
tive  rocks  behave  towards  free  nitrogen  as  those  examined 
by  Kossowitsch  did,  we  may  hope  to  approach  the  solution 
of  even  deeper  problems  concerning  the  circulation  of 
nitrogen  in  Nature. 

Many  other  problems  are  before  us  to  which  the  above 
results  and  speculations  give  new  interests.  What  are  the 
nostoc  filaments  doing  in  the  cavities  they  regularly  occupy 
in  gunnera,  and  in  the  remarkable  apogeotropic  roots  of 
cycads,  where  they  seem  to  have  made  themselves  as  much 
a  part  of  the  tissues  as  in  a  lichen  ?  What  effects  do  they 
produce  on  the  physiological  activity  of  the  colourless  cells 
between  which  they  intercalate  themselves  ?  Are  these 
cycad-nostocs  accompanied  by  bacteria,  as  Reinke  and 
Schneider  observed  in  some  cases  ;  and,  if  so,  have  we  the 
same  thing  here  going  on  in  the  tissues  of  higher  plants  as 
in  the  algae  and  bacteria  of  Kossowitsch?  Numerous 
other  questions  of  the  same  kind  arise  concerning  nostocs 
and  other  algae  habitually  embedded  in  liverworts  and 
vascular  cryptogams,  and  among  the  various  aquatic 
plants  there  are  many  more  examples  of  mysterious  sym- 
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biotic  relations  between  host  and  guest,  which  we  may  now 
say  await  further  investigation  from  the  new  points  of  view. 

BIBLIOGRAPHY. 

(1)  Prazmowsky.  Das  Wesen  und  die  biologische  Bedeutung  der 

Wurzel  Knollchen  der  Erbse.  Ber.  a.  d.  Sitz.  d.  Akad.  i. 
Krakau,  1889. 

(2)  Prazmowsky.  Die  Wurzel  Knollchen  der  Erbse,  etc.  Landw. 

Vers.  Stat .,  h.  3  and  4,  1890. 

(3)  Sachs.  History  of  Botany,  pp.  491-533 . 

(4)  SACHS.  Flora ,  1862.  See  also  his  Lectures  on  Physiology  of 

Plants ,  lectures  xviii.  and  xix. 

(5)  BOUSSINGAULT.  Agronomie  Chemie,  Agricole  et  Phys.,  i860, 

p.  198,  and  1861,  p.  340.  (See  also  ref.  22.) 

(6)  Lawes,  Gilbert,  and  Pugh.  On  the  Sources  of  the 

Nitrogen  of  Vegetation,  etc.  Phil.  Trans.,  i860. 

(7)  DARWIN.  Insectivorous  Plants. 

(8)  Beumer.  Deutsche  Med.  Wo chens chrift,  1886,  No.  27. 

(9)  MAGGIORA.  Giorn  d.  R.  Acad,  di  Medic.,  1887,  No.  3. 

(10)  Caron.  Landw.  Versuchs.  Stat.,  b.  xlv.,  1895,  p.  402. 

(11)  Schloesing  and  Muntz.  Conipt.  Rend.,  1873,  1877,  1878, 

1879.  (See  also  ref..  22.) 

(12)  WARINGTON.  Journ.  Chem.  Soc.,  1884,  and  various  Reports 

to  Brit.  Ass.,  1883-1890.  Chem.  News,  1881,  etc.  (See 
ref.  22.) 

(13)  FRANKLAND.  Phil.  Trans.,  1891. 

(14)  Winogradsky.  Annales  Inst.  Pasteur,  1890-91. 

(15)  BURRI  and  STUTZER.  Centralblatt  f.  Bakteriologie  und 

Paras.,  1895,  b.  i.,  p.  257,  where  the  rest  of  the  literature  is 
given. 

(16)  BERTHELOT.  Nouvelles  recherches  sur  la  fixation  de  l’azote 

par  les  microbes,  Compt.  Rend.,  1892,  p.  569  ;  1893,  pp.  842, 
1388  ;  1894,  pp.  1 12  and  195  ;  and  a  long  series  of  papers  in 
Compt.  Rend.,  1876  to  the  present  year.  (See  ref.  22.) 

(17)  Winogradsky.  Compt.  Rend.,  1893,  p.  1385,  and  1894,  p. 

353* 

(18)  PFEFEER.  Studien  zur  Energetik  der  Pflanze.  Abliardl  d- 

math.  Phys.  Classe  d.  Konigl.  Sdchss.  Gesellsch.  d.  Wiss.,  1892, 
p.  208. 

(19)  LACHMANN.  Landw.  Mitth.  Zeitschr.  d.  K.  Lehranstalt  und 

Versuchs-stat,  1856,  No.  37. 

(20)  WORONIN.  Mem.  d.  Pacad  d,  St.  Petersbourg,  1866,  No.  6. 

(21)  Marshall  Ward.  Phil.  Trans.,  1887,  p.  539. 


ASPECTS  OF  AN  OLD  AGRICULTURAL  QUESTION.  271 


(22)  The  literature  of  the  whole  subject  up  to  1894  has  been  very 

thoroughly  gathered  together  by  MacDougal  in  Minnesota 
Botanical  Studies,  Geol.  and  Nat.  Hist.  Survey  of  Minnesota, 
bull.  No.  9,  part  iv.,  Minneapolis,  Sept.,  1894. 

(23)  HELLRIEGEL  and  WlLFARTH.  Zeitschr.  f.  Rubenzucker  In¬ 

dustrie,  Nov.,  1888,  and  Bericht .,  Wien,  1890.  (See  also  ref. 
22.) 

(24)  Laurent  and  Schloesing.  Recherche  sur  la  fixation  de 

l’azote  libre  par  les  plantes.  Ann.  Inst.  Past.,  1892.  (See 
also  ref.  22.) 

(25)  Frank.  The  best  account  of  Frank’s  results  is  given  in  his 

Lehrbuch  der  Botanik ,  1892,  b.  i.,  pp.  574-584,  with  his  own 
selection  from  the  literature. 

(26)  KOSSOWITSCH.  Durch  welche  organe  nehmen.  de  Leg.  den 

freien  Stickstoff  auf.  Bot.  Zeit.,  1892. 

(27)  BEYERINCK.  Bot.  Zeit.,  1890. 

(28)  Frank.  Ber.  d.  deutsch  bot.  Gesellsch.,  1889. 

(29)  KOSSOWITSCH:  Bot.  Zeit.,  1894,  h.  5-,  p.  9 7. 

(30)  DUCLAUX.  Ann.  Inst.  Past.,  1894,  p,  728. 

(31)  Liebig.  Chem.  of  Agri.  and  Phys.  My  edition  is  the  third, 

1843,  p.  23. 

(32)  Frank.  Lehrbuch ,  vol.  i.,  p.  583. 

(33)  Macdonald  and  Kellas.  Paper  read  to  Roy.  Soc.,  Mar. 

21,  1895.  (See  Nature,  1895,  p.  620.) 

H.  Marshall  Ward. 


THE  RATIO  OF  THE  SPECIFIC  HEATS  OF 

GASES. 


HE  Kinetic  Theory  of  Gases  is  making  little  progress 


1  at  present,  for  want  of  information  regarding  the 
nature  and  relations  of  the  parts  of  a  molecule.  The  laws 
of  Boyle,  Charles  and  Avogadro  have  been  fairly  com¬ 
pletely  explained  without  this  knowledge,  as  have  also  the 
main  facts  concerning  diffusion  and  viscosity,  but  wherever 
temperature  changes  come  in  there  begin  to  be  difficulties. 
The  way  in  which  the  viscosity  coefficient  of  a  gas  varies 
with  the  temperature  has  not  been  explained,  because  we 
do  not  know  the  law  of  force  between  two  molecules,  and 
work  on  the  specific  heat  is  rendered  nugatory  from  our 
ignorance  of  the  nature  of  the  atoms  and  their  relations 
to  each  other. 

Consider  what  happens  when  a  gas  is  heated.  The 
heat  that  is  communicated  to  it  may  take  any  or  all  of 
the  following  forms  : —  - 

A.  Kinetic  energy  of  translation  of  the  molecules  as 

wholes. 

B.  Potential  energy  due  to  separation  of  the  molecules. 

C.  Kinetic  energy  of  the  motion  of  the  atoms  re¬ 

latively  to  the  centre  of  mass  of  the  molecule. 

D.  Energy  of  rotation  or  vibration  of  the  separate 

atoms  regarded  as  elastic  bodies. 

E.  Potential  energy  due  to  the  separation  of  the  atoms 

in  the  molecule. 

Perhaps  a  sixth  class  should  be  added  containing  other 
forms  of  energy  (electrical,  etc.),  arising  from  the  relations 
between  the  molecules  and  the  ether.  About  this  class 
little  or  nothing  is  known,  and  whether  any  serious  modi¬ 
fication  in  what  is  said  below  would  result  from  taking 
account  of  it  must  remain  for  the  future  to  decide. 

We  know  that  A  always  takes  a  share  of  the  heat 
communicated  to  the  gas.  Different  molecules  will  in 
general  have  different  velocities,  and  consequently  different 
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amounts  of  energy  of  translation,  but  the  mean  value  taken 
over  a  large  number  of  molecules  is  what  is  usually  taken 
to  represent  the  temperature  of  the  gas,  so  that  to  say  that 
the  temperature  of  the  gas  rises  is  equivalent  to  saying  that 
the  kinetic  energy  of  translation  of  its  molecules  increases. 

The  energy  in  class  B  is  small  compared  with  that  in 
A,  but  is  generally  quite  appreciable.  The  most  usual 
conception  of  a  gas  is  that  of  a  large  number  of  molecules 
attracting  each  other  with  forces  that  fall  off  very  rapidly 
as  the  distance  between  the  molecules  increases,  so  that 
any  one  molecule  is  moving  freely  in  an  approximately 
straight  line  during  the  greater  part  of  the  time.  It  is 
necessary  to  assume  some  slight  attractions  between  the 
molecules,  even  when  they  are  not  very  close  together,  to 
account  for  the  divergence  from  Boyle’s  law,  hence  on 
expansion  work  will  be  done  against  these  forces,  and 
potential  energy  will  be  gained.  The  amount  of  this 
energy  is,  however,  easily  calculated,  if  we  know  the 
characteristic  equation  of  the  gas,  and  so  it  gives  us  no 
theoretical  difficulty. 

The  remaining  three  classes  constituting  the  internal 
energy  of  the  molecule  are  the  real  difficulty.  D  will  be  dis¬ 
cussed  later,  and  is  perhaps  so  small  as  to  be  negligible, 
or  at  least  constant  in  amount  during  changes  of  temperature. 
Classes  C  and  E  are  completely  outside  any  dynamical 
theory  of  matter  at  present.  We  cannot  calculate  their 
amount  theoretically  until  our  knowledge  of  the  dynamics 
of  a  molecule  is  very  greatly  extended,  but  fortunately  we 
have  the  means  of  proceeding  in  the  reverse  direction.  We 
can  find  what  proportion  of  the  total  energy  given  to  the 
gas  takes  the  form  of  C,  D  and  E  together,  if  we  know  the 
ratio  of  the  specific  heats.  The  formula  by  which  this  is 
effected  is  well  known  to  physicists,  but  it  will  be  well  to 
give  the  proof  in  order  to  show  more  clearly  what  it  is  we 
really  learn  from  it. 

Let  Cv  be  the  specific  heat  of  the  gas  at  constant 
volume,  then  the  heat  required  to  raise  the  temperature  of 
one  gramme  of  the  gas  by  a  small  amount  St  is  Cv  Si.  Let 
ST  be  the  increase  in  the  kinetic  energy  of  translation 
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of  the  whole  of  the  molecules,  and  let  f3S T  be  the  energy 
that  is  taken  up  in  vibrations  of  the  atoms  relatively  to  the 
centre  of  mass  of  the  molecule,  and  the  other  forms  in¬ 
cluded  in  C,  D  and  E.  It  is  not  assumed  here  that  (3  is 
constant.  It  is  probably  not  constant  in  the  case  of  some 
gases,  but  at  any  one  temperature  and  pressure  the  heat 
that  goes  to  increase  the  intramolecular  energy  will  bear 
some  definite  proportion  to  that  which  increases  the  trans¬ 
lational  energy. 

We  have  then  Cv  St  =  ST  +  (3ST. 

Now  if  we  consider  what  becomes  of  the  heat  that  is 
given  to  the  gas  at  constant  pressure,  we  get — 

CpSl  =  ST  +  (3ST  +  pSv 

where  Sv  is  the  small  amount  the  gas  expands  to  prevent 
the  pressure  rising  with  the  rise  of  temperature,  and  hence 
pSv  is  the  work  done.  We  are  supposing  here  that  the  gas 
is  perfect,  and  are  neglecting  the  gain  of  potential  energy 
due  to  separation  of  the  molecules.  It  would  be  quite  easy 
to  take  account  of  it,  but  it  increases  the  complexity  of  the 
equations,  and  only  enters  as  a  correction  in  the  final  result. 

If  we  assume  that  the  pressure  of  the  gas  is  due  to  the 
impacts  of  small  elastic  molecules,  we  know  that  for  unit 

mass  pv  =  -  T,  so  that  with  p  constant  pSv  =  -  ST.  Putting 


in  this  value  and  dividing  the  second  equation  by  the  first 


C 


=  i  + 


we  get  ^  7  x  i - 7 - -. 

Q/  3  ( 1  +  ft) 

Hence  if  we  know  the  ratio  of  the  two  specific  heats  of 

a  gas  we  can  calculate  the  relative  rates  of  increase  of  the 
translational  and  the  internal  energy  of  the  molecule.  j3  is 
sometimes  incorrectly  described  as  being  the  proportion  of 
the  energy  that  is  internal.  This  is  not  justifiable.  All 
that  (3  tells  us  is  what  proportion  of  a  given  increment 
of  energy  becomes  internal,  so  that,  when  we  find  that  f3  is 
zero  for  mercury  vapour,  we  must  not  conclude  that  the 
molecule  has  no  energy  of  rotation  for  instance,  but  only 
that  under  the  circumstances  under  which  y  was  deter¬ 
mined  the  rotation  did  not  change  appreciably  as  the 
temperature  changed. 
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There  are  two  principal  methods  used  in  the  experi¬ 
mental  determination  of  y,  Clement  and  Desormes’  method, 
and  Kundt’s  method,  but  as  they  are  fully  described  in  all 
the  text-books  it  is  unnecessary  to  go  into  much  detail  con¬ 
cerning  them  here. 

In  the  former  method  the  gas  is  slightly  compressed  in 
a  large  glass  globe,  and  the  pressure  read.  A  stopcock  is 
then  opened  for  a  moment  to  allow  some  of  the  gas  to 
escape.  The  pressure  falls  rapidly,  partly  in  consequence 
of  the  expansion  alone,  and  partly  because  of  the  cooling 
caused  by  this  expansion,  and  the  lowest  pressure  reached 
is  read  quickly  before  the  gas  has  had  time  to  be  warmed 
again  by  contact  with  the  sides  of  the  glass  globe.  The 
temperature  then  slowly  rises,  till  it  is  the  same  as  it  was 
at  the  beginning  of  the  experiment,  when  the  pressure 
is  read  a  third  time.  If  it  is  assumed  that  the  gas  is 
perfect  the  ratio  of  the  specific  heats  is  given  by  the 
equation — 

_  lQg  A  -  log  A 

log/,  -  log/; 

All  who  have  used  the  method  hitherto  have  made  this 
assumption,  and  for  some  of  the  more  permanent  gases  it 
leads  to  no  appreciable  error,  but  in  most  cases  the  equation 
is  not  accurate  enough.  Rontgen’s  value  for  the  y  of 
carbon  dioxide,  for  instance,  would  be  raised  about  \  per 
cent,  if  a  more  accurate  formula  were  used,  and  in  the  case 
of  the  more  easily  condensed  gases  and  vapours  the  correc¬ 
tion  would  be  much  greater. 

It  will  be  seen  from  the  formula  that  the  density  of  the 
gas  need  not  be  known.  This  is  a  great  advantage  of  the 
method,  for  a  small  quantity  of  impurity  only  affects  the 
result  in  so  far  as  the  impurity  has  not  the  same  y  as  the 
gas  under  investigation,  and  such  an  effect  is  very  slight. 
Unfortunately  the  experimental  difficulties  are  great.  The 
vessel  that  holds  the  gas  must  have  a  capacity  of  50  to  100 
litres  to  avoid  errors  from  conduction  of  heat  through  the 
walls,  and  gases  are  not  easy  to  prepare  pure  in  such  large 
quantities.  Further,  no  one  has  hitherto  succeeded  in 
devising  a  pressure  gauge  that  is  sensitive,  dead-beat,  and 
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free  from  elastic  fatigue.  If  this  could  be  done  the  method 
would  probably  be  the  best  at  our  disposal. 

Pringsheim  has  recently  introduced  a  modification 
(B.  A.  Rep.,  1894)  by  reading  the  temperature  immediately 
after  opening  the  globe,  instead  of  reading  the  pressure, 
using  the  resistance  of  a  very  thin  strip  of  platinum  as  his 
temperature  indicator.  The  modification  seems  to  have 
improved  the  method  considerably. 

Kundt  makes  use  of  the  fact  that  the  square  of  the 
velocity  of  sound  in  a  gas  is  approximately  y  times  the 
pressure  divided  by  the  density.  The  velocity  of  sound  in 
the  gas  is  deduced  from  its  known  value  for  air  by  causing 
the  same  note  of  high  pitch  to  traverse  two  tubes,  one 
filled  with  air,  and  the  other  with  the  gas  under  investiga¬ 
tion,  and  observing  the  wave  length  of  the  sound  in  the 
two  cases  by  means  of  fine  dust  spread  along  the  tubes. 

Here  too  a  correction  is  required  if  the  gas  does  not 
obey  the  laws  of  Boyle  and  Charles,  but  though  this  cor¬ 
rection  may  reach  as  much  as  2  or  3  per  cent.,  it  has  been 
ignored  by  most  investigators.1 

The  method  is  probably  the  most  accurate  we  have  at 
present,  as  the  conditions  of  accuracy  have  been  very  fully 
determined  by  its  inventor,  but  it  is  seriously  handicapped 
by  the  density  of  the  gas  appearing  as  a  factor  in  the  ex¬ 
pression  by  which  y  is  calculated.  This  makes  it  necessary 
in  most  cases  to  determine  the  density  experimentally,  and 
renders  the  method  very  sensitive  to  small  amounts  of 
impurity  in  the  gas. 

A  third  method  has  been  used  by  Muller  ( Wied.  Ann., 

1 8,  1 894)  in  a  large  number  of  observations,  but  as  it  assumes 
that  alternate  compressions  and  rarefactions  of  half  a  second 
period  in  a  globe  of  glass  holding  only  a  litre  are  adiabatic, 
it  must  of  necessity  give  inaccurate  results,  and  need  not 
be  further  described. 

These  three  methods  all  require  the  amount  of  deviation 
of  the  gas  from  Boyle’s  law  to  be  known  before  the  calcula- 

1  The  writer  has  given  a  formula  and  method  of  application  that  is 
accurate,  and  makes  no  assumption  as  to  the  form  of  the  characteristic 
equation  (Phi/.  Trans.,  185,  p.  1). 
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tions  can  be  made,  which  is  a  great  disadvantage,  for  the 
shape  of  the  isothermals  is  known  for  only  a  few  gases,  and 
the  investigator  is  generally  obliged  to  undertake  a  series 
of  troublesome  subsidiary  determinations,  if  he  wishes  to 
secure  accuracy.  Jamin  and  Richard  (C.  R.,  71,  336)  have 
devised  a  form  of  experiment  that  might  be  made  inde¬ 
pendent  of  the  density  of  the  gas,  or  of  its  characteristic 
equation.  A  constant  amount  of  gas  is  enclosed  in  a 
vessel,  and  has  a  definite  quantity  of  heat  given  to  it  by 
means  of  a  wire  heated  by  an  electric  current,  first  at 
constant  volume,  and  then  at  constant  pressure.  If,  then, 
the  rise  of  temperature  is  read  in  each  case,  the  ratio  of  the 
two  rises  gives  at  once  the  ratio  of  the  specific  heats. 
Jamin  and  Richard  in  their  experiments  did  not  read  the 
temperature  directly,  but  when  the  volume  was  kept  con¬ 
stant  they  read  the  increase  of  pressure,  and  when  the 
pressure  was  constant  they  read  the  increase  of  volume, 
thus  bringing  in  the  old  difficulty  of  knowing  exactly  how 
the  pressure  and  volume  depend  on  the  temperature. 

In  practice  the  method  is  not  likely  to  be  accurate,  for 
time  must  be  given  to  allow  the  gas  to  come  to  a  uniform 
temperature,  and  then  heat  will  have  been  lost  by  com¬ 
munication  to  the  walls  of  the  vessel,  and  uncertain  cor¬ 
rections  will  have  to  be  introduced. 

Considering  the  theoretical  value  of  the  constant  y,  it  is 
surprising  that  so  few  determinations  have  been  made,  and 
still  more  surprising  is  the  extraordinary  want  of  agreement 
among  the  results  obtained  by  different  observers  for  the 
same  gas.  The  values  found  by  any  one  observer  are 
generally  fairly  consistent  with  each  other,  so  that  the 
experimental  error  appears  to  be  small,  but  each  form  of 
apparatus  seems  to  have  a  constant  source  of  error  of  its 
own.  This  was  especially  marked  in  the  case  of  experi¬ 
ments  made  with  Clement  and  Desormes’  apparatus  before 
Rontgen  showed  that  the  size  of  the  gas  holder  has  a 
serious  effect,  if  it  is  below  a  certain  minimum.  Kundt’s 
apparatus  has  been  largely  used,  and  seems  to  be  less 
subject  to  such  one-sided  errors,  but  when  the  subsidiary 
determinations  of  vapour  density  and  isothermal  curves  are 
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made,  the  irregular  errors  cannot  be  kept  much  under  1 
per  cent.  As  was  mentioned  above,  nearly  all  who  have 
used  the  method  have  assumed  the  gases  are  perfect,  and 
none  but  E.  and  L.  Natanson  and  the  writer  have  experi¬ 
mentally  determined  the  density  of  the  gases  as  they  were 
used  in  the  experiments,  so  that  much  of  the  work  that  has 
been  done  is  of  little  value. 

The  table  on  p.  340  of  the  second  edition  of  Landolt  and 
Bornstein’s  tables  gives  an  almost  complete  list  of  all  the  de¬ 
terminations  that  had  been  made  up  to  1893,  with  references. 
The  experiments  of  Jamin  and  Richard  mentioned  above 
are  omitted,  as  are  also  the  writer’s  results,  which  have 
been  published  since  the  table  was  drawn  up  Trans. , 

185,  1,  and  Nature ,  p.  97,  7th  March,  1895). 

In  Ostwald’s  Zeitschrift  (12,  116)  Petrini  gives  a  very 
voluminous  table  containing  not  only  the  gases  included  in 
Landolt  and  Bornstein’s  table,  but  many  others,  whose  y’s 
he  has  calculated  by  an  approximate  formula  from  the 
determinations  of  Cr  by  Regnault  and  Wiedemann.  From 
what  has  been  said  above,  it  is  clear  that  it  is  little  use 
trying  to  construct  theories  from  such  a  table,  for  the  values 
are  so  discordant  that  support  could  be  found  in  it  for 
almost  any  theory.  A  little  time  spent  in  consideration  of 
the  methods  used  and  in  consequent  weeding  out  of  results 
would  have  been  well  spent. 

The  following  table  contains  what  seem  to  the  writer 
to  be  the  best  values  of  y  known  at  present.  In  most 
cases  only  three  figures  are  given,  and  in  many  of  these 
the  third  is  probably  only  approximate.  Four  figures  are 
given  where  the  observer  has  used  accurate  equations. 
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Atomicity. 

Name. 

Formula. 

7 

I 

Mercury  .... 

1*67 

Argon  ..... 

1-65 

2 

Hydrogen  .... 

H2 

1  41 

Nitrogen  .... 

n2 

I'4I 

Carbon  Monoxide  . 

CO 

1*40 

Hydrochloric  Acid 

H  Cl 

i'39 

Hydrobromic  Acid 

H  Br 

1  ‘42 

Hydriodic  Acid 

HI 

1 ‘40 

Chlorine  .... 

Cl2 

1-32 

Bromine  .... 

Br2 

I-29 

Iodine  ..... 

Io 

1  ‘29 

Iodine  Chloride 

I  Cl 

1-31 

3 

Carbon  Dioxide 

co2 

1-308 

Nitrous  Oxide 

n2o 

i'3T 

Sulphuretted  Hydrogen  . 

s  h2 

r34° 

Carbon  Bisulphide 

c  s2 

1-239 

4 

Ammonia  .... 

N  H3 

I'3° 

5 

Methane  .... 

C  h4 

i’3I3 

Methyl  Chloride 

ch3  Cl 

r279 

„  Bromide 

CH,  Br 

1-274 

„  Iodide 

ch3i 

1*286 

Methylene  Chloride 

ch2  ci2 

1-219 

Chloroform  .... 

CH  Cls 

1*154 

Carbon  Tetrachloride 

C  Cl4 

1-130 

Silicon  Tetrachloride 

Si  Cl4 

1-129 

6 

Ethylene  .... 

c2  h4 

1  •  2  6  ^ 

Vinyl  Bromide 

C2  H3  Br 

1*198 

8 

Ethane  ..... 

C2  H6 

1*18 

Ethyl  Chloride 

C2  H5  Cl 

1*187 

,,  Bromide 

C2  H5  Br 

1*188 

Ethylene  Chloride  . 

C2  H4  Cl2 

1'137 

Ethylidene  Chloride 

C2  H4  Cl2 

ri34 

9 

Allyl  Chloride 

C3  H,  Cl 

i*i37 

,,  Bromide 

C3  H5  Br 

i*i45 

Alcohol  .... 

c2  h5  OH 

I‘I33 

1 1 

Propane  .... 

c3  h8 

1-130 

Normal  Propyl  Chloride 

C3  H7  Cl 

1*126 

Isopropyl  Chloride 

C3  H7  Cl 

1-127 

,,  Bromide 

C3  H7  Br 

1*1 31 

Ethyl  Formate 

H  COO  C2  H6 

1*124 

Methyl  Acetate 

ch3cooch3 

i*i37 

28o 
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During  the  past  few  months  the  interest  of  chemists  and 
physicists  has  been  specially  drawn  to  the  first  two  gases 
in  this  table,  since  it  is  on  the  observed  value  of  the  ratio 
of  the  specific  heats  that  it  is  assumed  that  the  gas  argon  is 
monatomic,  and  therefore  elementary.  The  argument  in 
favour  of  the  monatomicity  of  the  gas  appears  to  be  two¬ 
fold.  On  looking  down  the  table  it  will  be  seen  that,  with 
the  exception  of  gases  with  more  than  one  halogen  atom  in 
the  molecule,  gases  of  the  same  atomicity  show  a  decided 
tendency  to  have  the  same  value  for  y.  Thus  the  diatomic 
gases  are  all  near  1*4,  the  triatomic  near  1*3,  the  pentatomic 
near  1*28,  and  so  on.  Admitting  this  as  an  empirical  law, 
we  conclude  that  argon  has  probably  the  same  atomicity 
as  mercury  vapour,  and  mercury  vapour  is  known  from  its 
chemical  reactions  and  its  vapour  density  to  be  monatomic. 
This  argument  receives  support  from  another  drawn  from 
the  actual  value  of  y.  The  values  found  in  two  experi¬ 
ments  were  i*6i  and  1-65,  but  these  are  probably  both  too 
low.  In  consequence  of  the  difficulty  of  preparing  the  gas 
in  large  quantities,  the  experiments  were  made  in  tubes 
much  narrower  than  the  narrowest  Kundt  found  could 
safely  be  used,  and  the  effect  of  using  too  small  a  tube  is  to 
lower  the  velocity  of  sound,  and  hence  to  lower  the  observed 
value  of  y.  It  is  scarcely  conceivable  that  the  y  of  any  gas 
could  be  greater  than  1  '67,  so  we  may  conclude  that  argon 
has  very  nearly  this  value.  Now,  using  the  formula  on 
p.  274  to  calculate  [3,  we  find  it  comes  out  zero,  so  that  when 
the  gas  is  heated  the  energy  given  to  it  all  takes  the  form 
of  energy  of  translation  of  the  molecule — there  is  none 
whatever  taken  up  to  give  relative  motion  to  the  parts  of 
the  molecule.  It  does  not,  of  course,  follow  that  the 
molecule  possesses  no  internal  energy  ;  all  we  can  say  is 
that  if  it  has  such  energy,  the  circumstances  under  which 
the  experiment  was  made  were  such  that  during  the  heating 
or  cooling  of  the  gas  there  was  no  change  in  the  internal 
energy.  If  the  molecule  is  anything  more  than  a  mere 
mathematical  point  it  must  be  capable  of  rotation,  but  it  is 
not  unlikely  that  the  energy  of  rotation  would  change  more 
slowly  than  the  energy  of  translation,  as  Watson  (. Kinetic 
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Theory  of  Gases,  second  edition,  p.  49)  and  others  have  pointed 
out.  It  is  generally  assumed  that  the  perfect  elasticity  of 
the  molecules  is  a  consequence  of  their  not  actually  hitting 
each  other  in  an  encounter,  but  circling  round  each  other 
under  the  influence  of  a  mutual  attraction  or  repulsion, 
like  a  comet  round  the  sun.  If  the  least  distance  between 
two  molecules  during  an  encounter  is  great  compared  with 
their  size,  the  resultant  force  will  pass  approximately 
through  the  centre  of  mass  of  each,  and  very  little 
energy  of  rotation  will  be  communicated  to  either  by  the 
encounter,  so  that  any  appreciable  change  in  the  rotational 
energy  may  require  a  much  longer  time  than  the  very 
small  fraction  of  a  second  afforded  by  the  sound  waves  used 
in  Kundt’s  method. 

The  important  question,  however,  is  whether  a  poly¬ 
atomic  gas  can  have  j3  equal  to  zero.  It  is  difficult  to 
believe  that  this  could  be  the  case,  when  of  the  forty  certainly 
polyatomic  gases  whose  y’s  are  known  not  one  has  a  value 
of  j3  anything  approaching  zero.  With  the  exception  of 
mercury,  j3  is  least  for  the  diatomic  gases,  but  even  here  it 
is  *67,  and  for  the  gases  of  higher  atomicity  it  reaches  3  or 
4.  The  greater  the  complexity  of  the  molecule  the  greater 
is  the  internal  energy,  and  for  no  capacity  for  internal 
energy  we  seem  to  be  driven  to  assume  the  simplest 
possible  molecule — a  single  atom. 

After  all,  in  our  present  state  of  ignorance  regarding 
the  status  of  the  atom  in  the  molecule,  the  argument  is 
little  more  than  an  argument  from  analogy.  Such  an 
argument  is  the  stronger,  the  greater  the  number  of  points 
of  agreement  between  the  two  objects  or  phenomena  com¬ 
pared,  and  the  fewer  the  points  of  disagreement.  The 
question  at  issue  seems  to  be  just  the  sort  of  case  where  the 
argument  may  break  down,  for  argon  differs  in  such  a 
remarkable  way  from  all  other  known  substances  that  it 
would  be  unsafe  to  deny  the  possibility  of  further  eccen¬ 
tricities  in  the  dynamics  of  its  molecule.  Consider  the 
diatomic  gases  in  the  table.  Six  of  them  have  y  near  1*41, 
and  hence  /3  near  *67 — four  have  y  near  1  *3,  and  hence  (3 
near  1*2.  If  such  a  large  range  as  this  is  possible  with 
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gases  of  the  same  atomicity,  may  there  not  be  another  class 
of  diatomic  gases  possible  with  (3  zero,  or  very  small  ? 

It  has  already  been  mentioned  that,  throughout  the 
table,  gases  with  the  same  atomicity  have  in  most  cases  the 
same  y,  but  there  is  one  class  of  gases  that  uniformly 
prove  exceptions.  These  are  the  gases  with  more  than 
one  halogen  atom  in  the  molecule.  Their  proving  an 
exception  cannot  be  due  to  the  halogens  having  intrinsically 
a  higher  heat  capacity  than  other  atoms,  for  in  several 
cases,  such  as  H2,  C2  H6  and  C3  H8,  one  H  can  be  replaced 
by  Cl  without  change  in  y,  and  the  natural  conclusion 
to  draw  from  this  is  that  the  Cl  has  itself  the  same  heat 
capacity  as  the  H  that  it  replaces.  We  seem,  in  fact,  to 
have  in  the  case  of  gases  something  similar  to  Dulong  and 
Petit’s  law  of  equality  of  atomic  heats  for  elementary  solids, 
but  the  divergences  cannot  be  explained  in  the  way  in  which 
the  anomalous  values  for  carbon,  etc.,  were  explained,  for 
chlorine,  for  instance,  was  shown  by  Strecker  to  have  a 
value  of  y  that  does  not  vary  with  the  temperature. 

Since  then  the  number  and  nature  of  the  atoms  in  the 
molecule  do  not  fix  the  value  of  y,  we  must  probably  look 
to  their  relations  to  each  other  or  the  configuration  as  an 
important  element,  and  from,  the  many  cases  where  atoms 
of  different  kinds  are  interchangeable  without  altering  y,  it 
may  very  well  be  that  the  distribution  of  energy  depends 
on  nothing  but  the  configuration.  Of  course  the  term 
configuration  must  be  taken  to  include  the  size  as  well  as 
shape,  otherwise  we  should  have  no  explanation  of  the 
difference  between  H  Cl  and  Cl2,  for  in  a  diatomic  molecule 
the  atoms  must  simply  lie  side  by  side,  and  no  variation  in 
shape  is  possible.  On  this  hypothesis  the  atoms  in  the 
chlorine  molecule  would  be  farther  apart  than  the  atoms  in 
most  diatomic  moldcules.  Also  methyl  chloride  would  have  to 
be  taken  as  having  a  different  configuration  from  methane. 
Chemical  facts  tell  us  that  we  can  get  but  one  CH3  Cl 
whichever  H  in  CH4  we  replace  by  Cl,  but  this  does  not 
preclude  the  possibility  of  the  chlorine  distorting  the  mole¬ 
cule  to  a  shape  that  is  the  same  in  every  case. 

We  might  go  a  step  farther  still,  and  ask  whether  the 
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peculiar  relation  of  the  two  chlorine  atoms  to  each  other 
when  they  come  in  the  same  molecule  is  not  a  result  of 
their  being  no  longer  monovalent,  but  is — according  to  the 
most  reasonable  theory  of  valency,  the  electrical  theory — the 
result  of  their  carrying  more  than  one  unit  of  electricity  each. 

These  are  mere  speculations  at  present,  but  they  serve 
to  show  the  kind  of  information  that  may  be  got  by  further 
determinations  of  the  ratios  of  the  specific  heats  of  suitably 
chosen  compounds.  It  would  be  interesting,  for  instance, 
to  investigate  a  number  of  compounds  containing  well- 
marked  radicles,  such  as  NH2  or  OH,  to  find  whether  the 
radicle  always  contributes  the  same  amount  to  /3,  and  also 
to  find  whether  it  is  a  general  law  that  isomers  have  the 
same  y. 

Except  for  the  difficulty  in  making  the  determination  y 
might  be  expected  to  be  as  serviceable  in  fixing  constitu¬ 
tions  as  the  numerous  constants,  index  of  refraction,  surface 
tension,  etc.,  already  largely  used  for  the  purpose  by  organic 
chemists. 

An  interesting  piece  of  work  has  been  done  on  nitrogen 
peroxide  by  E.  and  L.  Natanson.  These  physicists  deter¬ 
mined  the  ratio  of  the  specific  heats  over  a  long  range  of 
pressures,  simultaneously  making  careful  determinations  of 
the  density.  They  found  that  at  the  highest  pressure  used, 
when  according  to  the  usual  theory  15  per  cent,  of  the  gas 
was  dissociated  into  N02,  y  had  the  value  1*17,  which  is 
near  the  average  value  for  a  six  atom  molecule  ;  whilst, 
when  the  gas  was  fully  dissociated,  the  value  of  y  was  1*31, 
about  the  same  as  has  been  found  for  most  three  atom 
molecules,  thus  showing  conclusively  that  the  gas  is  really 
dissociating,  and  that  the  variation  in  density  is  not  merely 
an  abnormal  case  of  the  usual  deviation  from  Boyle’s  law. 

The  effect  of  change  of  temperature  on  y  has  not 
received  the  attention  it  deserves.  Several  observers, 
notably  W iillner  and  Strecker,  have  looked  for  a  de¬ 
pendence  of  y  on  the  temperature,  but  no  one  has  ever 
found  it  except  Wiillner,  who  found  that  the  y’s  of  carbon 
dioxide,  carbon  monoxide,  nitrous  oxide,  ethylene  and 

ammonia  all  fell  as  the  temperature  rose,  in  some  cases  by 
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as  much  as  4  per  cent,  between  o°  and  ioo°.  Strecker,  on 
the  other  hand,  found  no  certain  change  for  the  halogens 
and  their  hydracids  up  to  400°.  From  the  arrangement  of 
Wullner’s  apparatus  it  is  difficult  to  believe  that  the  gases 
really  had  as  high  a  temperature  as  he  attributed  to  them, 
and  the  result  needs  confirmation. 

Neither  Strecker  nor  Wiillner  took  account  of  the 
deviation  of  the  gases  from  Boyle’s  law,  but  this  would  not 
account  for  anything  like  so  great  a  change  as  Wiillner 
found,  and  in  any  case  hydriodic  acid,  which  showed  no 
change,  deviates  far  more  widely  than  carbon  monoxide, 
which  changed  considerably. 

A  repetition  of  the  experiments  on  carbon  dioxide,  for 
instance,  would  be  of  value.  The  observations  should  not 
be  made  merely  at  o°  and  ioo°,  but  at  intervals  over  as 
long  a  range  as  possible,  in  order  to  see  whether  the  value 
of  y  approaches  asymptotically  to  an  intelligible  limit.  If 
Wullner’s  results  prove  to  be  substantially  correct,  the 
question  arises  why  some  gases  vary  with  the  temperature 
and  others  do  not,  and  opens  up  a  large  field  for  research. 

Any  discussion  of  the  ratio  of  the  specific  heats  would 
be  incomplete  without  reference  to  a  theorem  that  has  at¬ 
tracted  considerable  attention  lately — Boltzmann’s  theorem 
on  the  partition  of  energy  in  a  dynamical  system.  We 
shall  consider  here  only  the  physical  side  of  the  theorem, 
as  the  mathematical  arguments  for  and  against  it  have 
already  been  discussed  in  this  journal  by  Mr.  H.  S.  Bur- 
bury  ;  but  before  stating  the  theorem  it  will  be  necessary, 
for  the  benefit  of  non-mathematical  readers,  to  explain 
briefly  what  is  meant  by  “degrees  of  freedom,”  a  term 
that  will  be  frequently  used. 

By  the  number  of  degrees  of  freedom  of  a  system  is 
meant  the  minimum  number  of  co-ordinates — lengths, 
angles,  etc. — necessary  to  specify  completely  the  position 
and  configuration  of  the  system. 

As  an  illustration  take  the  case  of  a  ship  at  sea.  The 
locality  of  the  ship  cannot  be  fixed  by  less  than  two  co¬ 
ordinates  ;  its  latitude  and  longitude  are  the  two  usually 
chosen,  though  other  pairs  would  do  equally  well.  Next 
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we  require  to  know  how  the  ship’s  head  is  pointing.  This 
is  usually  defined  by  reference  to  the  points  of  the  compass, 
but  we  might  more  simply  state  the  angle  the  ship’s  head 
makes  with  some  fixed  line,  say  the  N.  and  S.  line. 
Finally,  it  may  be  a  matter  of  interest  to  know  whether 
the  ship  is  heeled  over,  and  whether  the  line  joining  the  bow 
and  stern  is  tilted  up  or  not.  For  this  purpose  we  require 
two  more  co-ordinates,  say  the  angle  the  plane  through  the 
masts  makes  with  the  vertical  plane,  and  the  angle  a  line 
along  the  deck  from  stem  to  stern  makes  with  the  horizon¬ 
tal  plane.  If  the  ship  is  a  rigid  body,  so  that  its  parts  do 
not  move  relatively  to  one  another,  and  if  the  sea  is  wave¬ 
less,  so  that  the  centre  of  gravity  of  the  ship  does  not  move 
up  or  down,  the  position  will  be  completely  fixed  by  these 
five  co-ordinates,  and  cannot  be  fixed  by  any  smaller 
number  than  five,  however  they  may  be  chosen.  More¬ 
over,  a  moment’s  consideration  will  show  that  the  ship  can 
be  moved  in  such  a  way  as  to  alter  any  one  of  these  co¬ 
ordinates  without  change  in  any  of  the  others — hence  the 
name,  degrees  of  freedom. 

If  we  were  defining  the  position  of  a  balloon  instead  of 
a  ship,  we  should  need  to  know  its  height  above  the  earth 
in  addition  to  the  five  co-ordinates  already  given,  so  that  a 
rigid  body  free  to  move  in  any  direction,  and  to  rotate  in 
any  way,  has  six  degrees  of  freedom. 

Each  of  these  co-ordinates  may  at  any  moment  be 
changing,  so  that  corresponding  to  each  co-ordinate  will  be 
a  rate  of  change  or  velocity,  and  if  we  know  all  the  co¬ 
ordinates  and  all  the  corresponding  velocities  at  any 
moment,  the  position  and  motion  of  the  body  or  system 
will  be  completely  specified. 

T  he  most  general  conception  of  the  constitution  of  a 
gas  is  to  regard  it  as  made  up  of  a  number  of  molecules, 
each  of  which  is  a  dynamical  system  with  a  definite  number, 
say  qy  degrees  of  freedom. 

Three  of  these  fix  the  position  of  the  centre  of  gravity, 
and  the  remaining  q  -  3  show  how  the  parts  of  the  molecule 
are  arranged  at  any  moment  with  reference  to  the  centre  of 
gravity. 
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The  total  kinetic  energy  of  the  molecule  can  be  divided 
into  two  parts,  namely,  the  kinetic  energy  it  would  have 
if  its  mass  were  all  concentrated  at  its  centre  of  gravity, 
and  were  moving  with  the  velocity  the  centre  of  gravity 
actually  has  ;  and  the  kinetic  energy  due  to  the  motion  of 
the  parts  of  the  molecule  relatively  to  the  centre  of  gravity. 
The  first  is  tt  m  (if  +  v2  +  w2),  where  u,  v  and  w  are  the 
components  of  the  velocity  of  the  centre  of  gravity  in  three 
directions  at  right  angles,  and  contains  none  of  the  other 
velocities  in  its  expression.  The  second  part  is  a  homo¬ 
geneous  function  of  the  second  degree  of  the  rates  of 
change  of  the  remaining  q  -  3  co-ordinates.  Whenever  the 
kinetic  energy  of  each  of  a  large  number  of  similar  colliding 
systems  can  be  divided  in  this  way ,  so  that  one  part  of  the 
expression  contains  none  of  the  vetocities  corresponding  to  n 
of  the  q  co-ordinates ,  and  the  other  part  none  of  the  remain¬ 
ing  q  —  n ,  Boltzmann  s  theorem  states  that  the  average  value 
of  the  first  expression  taken  over  a  large  number  o  f  systems 
is  to  the  average  value  of  the  second  as  q  -  n  is  to  n  ;  or  more 
shortly  but  less  accurately,  the  average  value  of  the  kinetic 
energies  of  two  parts  of  the  system  is  in  the  ratio  of  the 
number  of  degrees  of  freedom  of  the  two  parts. 

The  special  application  to-  the  molecule  of  a  gas  then 
would  be  that,  if  the  molecule  has  q  degrees  of  freedom, 
the  average  kinetic  energy  of  the  motion  of  translation  of 
the  system  is  to  the  average  kinetic  energy  of  the  internal 
motions  in  the  ratio  of  3  to  q—  3. 

Hence  if  the  number  of  degrees  of  freedom  is  the  same 
at  all  temperatures,  the  rates  of  increase  of  these  two  forms 
of  energy  when  the  temperature  rises  must  be  in  the  ratio 

of  3  to  q  -  3,  or  (3  =  ¥—■  so  that  from  the  ratio  of  the 

specific  heats  we  could  calculate  the  number  of  degrees  of 
freedom  of  the  molecule. 

The  theorem  has  by  no  means  been  allowed  to  pass 
without  criticism,  attacks  having  been  very  freely  made  on 
it  both  from  the  mathematical  and  the  experimental  side. 
As  regards  the  mathematical  criticisms  it  is  sufficient  to  say 
that  the  balance  of  opinion  among  mathematicians  appears 
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to  be  in  favour  of  the  theorem  as  a  question  of  abstract 
dynamics.  The  difficulty  lies  in  its  application. 

The  physical  objections  are  serious,  but  perhaps  not 
insuperable.  Let  us  consider  the  one  most  often  quoted. 

Mercury  has  a  very  brilliant  spectrum  consisting  of  a 
large  number  of  lines.  The  vibrations  of  the  ether  that 
give  rise  to  this  spectrum  are  presumably  caused  by  the 
motion  of  something  or  other  within  the  molecule. 

Every  separate  motion  in  the  molecule  implies  at  least 
one  degree  of  freedom,  so  that  the  value  of  q  for  mercury 
should  be  very  large.  Hence  (3  should  be  large,  and  y 
very  little  greater  than  unity,  meaning  that  when  heat  is 
communicated  to  mercury  vapour  nearly  all  the  energy 
should  go  into  internal  motions  of  the  molecules,  and  very 
little  to  increase  the  kinetic  energy  of  translation  of  the 
molecules,  that  is,  the  temperature.  But  we  know  from 
Kundt  and  Warburg’s  experiments  that  j3  is  zero  for 
mercury  vapour,  or  none  of  the  energy  communicated  to 
the  gas  takes  the  form  of  internal  vibrations. 

This  seems  conclusive  against  the  theorem  if  the 
degrees  of  freedom  involved  in  the  production  of  spectra 
are  really  independent  dynamical  degrees  of  freedom  at  all. 
Boltzmann,  however,  suggests  (. Nature ,  28th  Feb.,  1895) 
that  the  mercury  molecule  is  only  indirectly  concerned  in  the 
production  of  the  spectrum  ;  that  it  is  the  ether  which  has 
a  structure,  and  the  numerous  degrees  of  freedom  belong 
to  it,  and  not  to  the  molecule.  Schuster  ( Nature ,  24th  Jan., 
1894)  and  Watson  ( Nature ,  3rd  Jan.,  1895)  have  also 
suggested  possible  ways  of  reconciling  the  existence  of  a 
complicated  spectrum  with  observed  values  of  y. 

It  should  be  noticed  that  so  far  as  experimental  evidence 
goes  at  present,  a  gas  can  probably  not  be  made  to  give  a 
line  spectrum  by  mere  heating.  Wherever  we  have  such  a 
spectrum  produced,  there  is  some  electrical  or  chemical 
action  going  on,1  so  that  in  the  absence  of  evidence  to  the 
contrary,  it  may  be  inferred  that  the  vibrations  in  the 
molecule  which  cause  the  spectra  are  not  heat  effects — 

1  Much  work  has  been  done  on  the  subject  recently  by  Pringsheim, 
Paschen,  Smithells  and  others,  but  the  question  is  still  under  discussion. 
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they  are  of  such  a  nature  as  not  to  be  capable  of  being 
excited  by  collisions  between  the  molecules  ;  and  hence  for 
some  reason  as  yet  not  understood  they  are  removed  from 
the  sphere  of  Boltzmann’s  theorem. 

It  has  been  objected  again  that,  even  if  the  mercury 
molecule  is  not  capable  of  vibrations,  it  must  at  least  be  a 
rigid  body,  and  so  have  six  degrees  of  freedom,  whilst 
Boltzmann’s  theorem  only  allows  it  three.  Watson’s 
suggestion  quoted  above  seems  to  be  a  sufficient  answer 
to  this.  Boltzmann’s  theorem  only  tells  us  what  the  dis¬ 
tribution  of  energy  is  when  the  gas  has  reached  a  steady 
state ,  and  it  may  very  well  be  that  with  the  rapid  change 
of  temperature  caused  by  the  passage  of  sound  waves  the 
gas  never  has  time  to  reach  the  steady  state. 

Possibly  the  values  of  y  might  be  very  different  if  the 
changes  of  temperatures  were  much  slower  than  they  are 
in  Kundt’s  method.  The  accepted  value  of  y  for  carbon 
dioxide  obtained  by  Kundt’s  method  is  about  1*3.  Reg- 
nault’s  value  for  Cp  between  1 50  and  ioo°  is  ‘2025.  Joly’s 
value  for  C7,  between  12°  and  ioo°  is  *1653,  and  the  ratio  of 
these  is  1*22.  Both  Cp  and  Cv  are  difficult  to  measure 
accurately,  but  7  per  cent,  seems  to  be  too  much  to  attri¬ 
bute  to  experimental  error.  It  would  seem  that  we  have 
here  to  do  with  forms  of  vibration  that  only  take  their 
share  of  the  energy  when  given  more  tim6  than  is  afforded 
by  sound  vibrations. 

For  the  majority  of  diatomic  gases  y  is  near  1*4,  thus 
pointing  to  five  degrees  of  freedom.  This  again  is  less 
than  the  number  possessed  by  a  single  rigid  body.  If  we 
ascribe  three  to  the  linear  motion  of  the  centre  of  gravity, 
we  have  left  only  two  for  the  internal  motions,  which  is  not 
enough  to  allow  the  molecule  to  rotate  in  the  most  general 
way.  The  molecule  has,  in  fact,  the  same  number  of 
degrees  of  freedom  as  a  finite  material  line  moving  freely 
in  space.  If  the  two  atoms  were  small  compared  with  the 
distance  between  them,  the  rotation  about  the  line  joining 
them  would  probably  change  much  more  slowly  than  the 
rotation  about  any  line  perpendicular  to  this  line,  and  the 
molecule  would  appear  to  have  only  five  degrees  of  freedom. 
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Chlorine,  bromine,  iodine  and  iodine  chloride,  though 
diatomic,  have  y  near  1  *3,  and  hence  eight  degrees  of 
freedom.  This  is  only  one  instance  of  what,  as  was  said 
above,  holds  generally.  Two  halogen  atoms  together  in 
one  molecule  invariably  give  a  low  value  to  y,  and  hence, 
according  to  Boltzmann,  an  abnormally  large  number  of 
degrees  of  freedom.  What  this  means  it  is  impossible  at 
present  to  say. 

With  regard  to  the  polyatomic  gases  it  is  sufficient  to 
say  that,  with  the  exception  of  those  with  more  than  one 
halogen  atom  in  the  molecule,  nearly  all  have  a  value  of  y 

that  makes  (3  approximately  equal  to  —  n,  where  n  is  the 

3 

number  of  atoms  in  the  molecule.  The  relation  is  only 
roughly  approximate,  the  divergences  being  in  many  cases 
too  great  to  be  accounted  for  by  errors  of  observation. 
Calculating  the  number  of  degrees  of  freedom  from  this 
result  we  find  that  we  have,  in  addition  to  the  three 
required  by  the  motion  of  translation,  approximately  one 
for  each  atom  in  the  molecule. 

It  is  an  interesting  task  to  devise  modes  of  vibration 
that  satisfy  this  relation,  but  the  possibilities  with  gases  of 
high  atomicity  are  too  numerous  to  give  much  scientific 
value  to  the  work. 

There  is  one  very  striking  feature  in  the  table  on  p. 
279,  and  that  is  the  absence  of  any  gases  with  values  of  y 
between  1*67  and  1*41.  This  is  a  strong  argument  in 
favour  of  the  dynamical  theory  of  gases  in  general,  and 
Boltzmann’s  theorem  in  particular.  The  former  value  of  y 
gives  q  =  3,  and  the  latter  gives  q  =  5,  both  of  which,  as 
we  have  seen,  are  quite  intelligible  ;  but  what  would  be 
done  with  a  gas  whose  y  was  1  '5,  and  whose  molecule  had 
consequently  four  degrees  of  freedom  ?  Such  a  gas  would 
be  very  hard  to  reconcile  with  our  present  notions,  and  if 
ever  discovered  would  bring  about  a  profound  change  in 
the  hypothesis  of  molecular  physics. 


J.  W.  Capstick. 
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Part  II. 

MIXTURES. 

J  IQ  U IDS. — In  connection  with  the  physical  properties 
of  mixed  liquids,  Ramsay  and  Aston  (73)  have 
determined  the  surface  tension  of  four  binary  mixtures  of 
non-associated  liquids.  In  the  case  of  mixtures  of  toluene 
with  piperidine,  and  benzene  with  carbon  tetrachloride,  the 
surface  tension  and  the  molecular  surface  energy  are 
practically  the  mean  of  those  of  the  constituents.  The 
simple  admixture  rule  is  not  obeyed,  however,  by  mixtures 
of  chlorobenzene  with  ethylene  dibromide,  and  carbon 
bisulphide  with  chloroform.  From  the  rate  of  change 
of  the  molecular  surface  energy,  the  authors  infer  that  in 
all  cases,  but  the  last,  no  change  in  the  molecular  aggrega¬ 
tion  of  the  liquids  is  produced  by  admixture. 

As  another  means  of  obtaining  evidence  regarding 
change  in  molecular  complexity  produced  by  admixture, 
Paterno  and  Montemartini  (74)  determine  the  densities  of 
mixtures  of  benzene  with  liquids  which,  from  freezing-point 
observations,  have  abnormally  high  molecular  weights  when 
dissolved  in  benzene.  They  find  that  on  adding  one  of  the 
lower  fatty  alcohols  or  acetic  acid  to  benzene  expansion 
occurs.  This,  they  consider,  is  an  indication  of  disgregation, 
and,  therefore,  of  the  existence  of  molecular  aggregates  in 
the  liquids.  On  the  other  hand,  according  to  surface- 
energy  measurements,  although  chlorobenzene  and  ethylene 
dibromide  expand  on  admixture  there  is  no  molecular 
aggregation.  Indeed,  that  density  observations  are  not 
well  suited  for  the  end  in  view  is  shown  by  the  fact  that 
the  authors  find  that  benzyl  alcohol  and  butyric  acid,  which 
have  high  molecular  weights  so  far  as  freezing-point 
observations  go,  exhibit  contraction  when  added  to 
benzene. 
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Solids. — A  good  deal  of  work  has  been  done  on  the  fusi¬ 
bility  of  mixtures  of  solids.  If  crystallisation  be  instituted 
in  a  fused  mixture  of  two  isomorphous  salts,  the  crystals 
which  begin  to  separate  consist  of  both  of  the  salts  present, 
and  not  of  one  of  them  only,  as  is  the  case  with  ordinary 
mixtures.  For  this  reason,  on  plotting  the  freezing-point 
and  composition  of  isomorphous  mixtures  in  a  co-ordinate 
system,  the  curve  is  continuous  and  does  not  consist,  as  in 
the  ordinary  case,  of  different  parts  which  correspond  with 
the  different  salts  which  separate  on  freezing.  In  a  paper 
by  Le  Chatelier  (75)  this  rule  was  apparently  disobeyed, 
but  Kuster  (76)  has  shown  that  several  of  the  pairs  of  salts 
used  were  not  truly  isomorphous,  and  in  a  later  paper  Le 
Chatelier  (77)  obtains  curves  for  isomorphous  carbonates 
which  conform  to  the  rule.  That  this  point  should  be 
satisfactorily  settled  is  important,  for  in  observations  of  the 
freezing-point,  we  have  evidently  a  means  of  detecting 
isomorphism. 

Observations  on  the  melting-point  may  also  be  used  to 
detect  the  formation  of  a  double  compound.  The  freezing- 
point  curve  of  an  ordinary  binary  mixture,  plotted  as  above 
described,  shows  a  minimum  corresponding  with  the  eutectic 
mixture.  If,  however,  a  double  compound  be  formed  the 
curve  will  exhibit  a  maximum  corresponding  with  the 
double  compound,  and  two  minima  corresponding  with 
the  eutectic  mixtures  of  the  double  compound  with 
each  of  its  constituents.  In  this  way  Le  Chatelier  (78) 
concludes  that  a  double  compound  is  formed  in  the  case  of 
lithium  and  potassium  carbonates. 

In  a  similar  way  from  the  freezing-point  of  triple  alloys, 
Heycock  and  Neville  (79)  infer  that  the  compound 
Au  Cd  exists  in  solutions  where  the  solvent  may  be  tin, 
bismuth,  thallium,  or  lead.  There  is  also  evidence  that 
Ag2  Cd  is  formed  in  solutions  in  lead,  tin,  and  thallium. 
Gold  and  aluminium  when  dissolved  in  tin  form  the  stable 
insoluble  compound  Au  Al2.  Laurie  (80)  has  also  tried  to 
show  the  presence  of  compounds  in  alloys  by  observations 
on  electromotive  force.  His  method  may  thus  be  illustrated. 
If  a  plate  of  copper  and  another  made  partly  of  zinc  and 
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partly  of  copper  be  immersed  in  a  solution,  the  observed  E. 
M.  F.  is  that  between  copper  and  zinc.  If  the  zinc  in  the 
composite  plate  were  finely  divided  and  mixed  with  the 
copper  it  may  be  assumed  that  the  result  would  be  the 
same.  If,  however,  the  zinc  combined  with  the  copper, 
the  E.  M.  F.  would  be  that  between  the  compound  and 
copper.  Consequently,  if  we  keep  on  adding  zinc  to  the 
copper,  and  a  compound  is  formed,  a  point  will  eventually  be 
reached  at  which  the  copper  is  saturated,  and  free  zinc  will 
then  be  present  in  the  plate.  When  this  happens  there  will 
be  an  abrupt  rise  in  the  E.  M.  F.,  for  it  will  now  be  that 
between  copper  and  zinc,  and  the  composition  corresponding 
with  the  rise  will  be  that  of  the  compound  of  copper  and 
zinc.  In  this  way  the  author  has  previously  inferred  that 
Cu  Zn2  and  Cu3  Sn  exist,  and  he  now  finds  (80)  that  his 
observations  lead  to  the  same  results  as  measurements  of 
electrical  resistance  in  the  case  of  the  alloys  examined  by 
Mathiessen.  Using  alloys  of  the  metal-pairs,  Bi  — Sn, 
Bi  — Pb,  Bi-Zn,  Bi  -  Au,  Bi  —  Ag.  Au  — Ag,  Cd  — Zn, 
Sb  -  Sn,  and  Sb  -  Pb,  in  the  last  case  alone  was  there 
evidence  of  combination.  Ostwald  (81)  has  pointed  out 
that  these  observations  would  be  more  valuable  if  more 
attention  had  been  paid  to  the  composition  of  the  solutions  in 
which  the  alloys  were  immersed,  because  the  E.  M.  F.  de¬ 
pends  on  the  concentration  in  the  solution  of  the  ion  of  the 
metal  plate,  and  from  the  mode  in  which  the  experiments 
were  made  different  amounts  of  metal  might  have  dissolved 
in  the  solutions  in  different  cases. 

According  to  Haas  (82),  the  copper-zinc  alloy,  which 
has  the  maximum  specific  resistance,  has  the  composition 
expressed  by  Cu2  Zn.  Since  alloys  containing  from  47  to 
99  per  cent,  of  copper  could  not  be  drawn  into  wire,  the 
author  was  unable  to  test  by  this  method  the  existence  of 
Laurie’s  Cu  Zn3  alloy.  It  is  to  be  hoped  that  efforts  will 
soon  be  made  to  see  whether  these  different  methods  lead 
to  the  same  results,  for  in  the  present  state  of  the  theory  of 
solids  such  agreement  would  constitute  the  strongest  proof 
of  their  validity. 

Wiesengrund  (83)  has  tried  to  show  that  the  lead-tin 
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alloy,  which,  as  regards  its  density,  gives  the  largest 
exception  from  the  admixture  rule,  has  also  the  lowest 
melting-point,  and  has  the  approximate  composition  Pb 
Sn3.  This  result  differs  from  those  of  previous  observers. 
Paterno  and  Montemartini  (84)  also  assert  that  certain 
eutectic  mixtures  have  a  definite  chemical  composition. 
They  find,  for  example,  that  mixtures  containing  one 
molecular  proportion  of  paraxylene  to  two  of  acetic  acid,  or 
one  of  paraxylene  to  three  of  trimethyl-carbinol,  are  eutectic, 
and  they  conclude  that  these  results  throw  light  on  the 
existence  of  molecular  aggregates  in  solution.  It  has  to  be 
stated,  however, -that  the  existence  of  eutectic  mixtures  can 
readily  be  explained  without  the  assumption  of  chemical 
combination. 

A  curious  point  regarding  the  structure  of  isomorphous 
mixed  crystals  has  been  noticed  by  Ambron  and  Le  Blanc 
(85).  Mixed  crystals  of  lead  and  barium  nitrates  were 
doubly-refracting.  On  treating  them  with  a  saturated 
solution  of  barium  nitrate  the  lead  nitrate  was  dissolved  out, 
but  a  skeleton  remained,  which  consisted  of  regularly 
arranged  particles  of  barium  nitrate  of  about  0'03  mm. 
side,  and  the  double  refraction  had  disappeared.  From 
these  and  other  experiments  it  appears  that  the  constituents 
of  a  mixed  crystal  are  in  a  state  of  rough,  mechanical 
mixture,  and  not  in  a  state  of  molecular  admixture  as  has 
been  commonly  supposed. 

Muthmann  and  Kuntze  (86)  have  determined  the 
solubility  in  water  of  three  pairs  of  isomorphous  salts, 
namely,  mono-potassium  phosphate  and  arseniate,  potassium 
chlorate  and  permangate,  and  potassium  and  rubidium  per¬ 
manganates.  The  curves  showing  how  the  amount  of  one 
constituent  present  in  the  solution  varies  with  its  amount  in 
the  mixed  crystal  are  very  different  in  each  case,  the  note¬ 
worthy  point  being  that  they  correspond  with  Roozeboom’s 
predictions  (87),  based  upon  the  analogy  between  the 
solubility  of  mixed  crystals  and  the  evaporation  of  mixed 
liquids. 
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SOLUTIONS. 

An  interesting  lecture  (87)  on  the  origin  of  the  new 
theory  of  dilute  solutions,  and  dealing  also  with  the  present 
position  of  the  theory,  was  delivered  by  van’t  Hoff  to  the 
German  Chemical  Society  early  in  1894.  In  it  he  makes 
clear  how  he  was  able  by  means  of  the  work  of  Pfeffer  and 
De  Vries,  that  is,  by  means  of  the  conceptions  of  osmotic 
pressure  and  semi-permeable  partitions,  to  correlate  the 
different  properties  of  dilute  solutions  by  the  application  of 
thermodynamical  principles,  and  how  the  facts  of  the  case 
showed  that  solutions  obeyed  laws  identical  with  those  of 
gases.  It  is  also  clearly  pointed  out  that  these  laws  do  not 
constitute  a  theory  of  solutions.  The  theory  of  solutions 
begins,  according  to  van’t  Hoff,  when  the  exceptions  to  the 
above  simple  laws,  those,  say,  of  electrolytic  solutions,  are 
interpreted  as  being  of  a  secondary  nature.  This  is 
obviously  the  rational  view  of  the  matter,  for  it  is  only 
when  attempts  are  made  to  fix  the  molecular  state  of  dis¬ 
solved  substances  that  anything  of  a  hypothetical  nature  is 
introduced.  An  important  paper  bearing  on  this  question 
of  molecular  state  has  been  brought  forward  by  Duhem 
(88),  who  gives  a  formal  proof  of  the  theorem  that  every 
formula  obtained  by  the  application  of  thermodynamical 
considerations  alone  to  a  mixture  or  solution  remains  the 
same,  no  matter  what  assumptions  be  made  regarding  the 
molecular  condition  of  the  substances.  It  follows,  there¬ 
fore,  that  thermodynamics  alone  cannot  decide  whether 
dissolution  is  attended  by  change  chemical  or  otherwise  in 
the  molecular  state  of  the  dissolved  substance. 

Osmotic  pressure. — An  attempt  to  throw  light  upon  the 
action  of  semi-permeable  membranes  has  been  made  by 
Ramsay  (89).  A  platinum  vessel  connected  with  a 
manometer,  and  containing  nitrogen,  carbon  dioxide,  car¬ 
bon  monoxide,  or  cyanogen,  was  closed  by  a  palladium 
plate  and  immersed  in  hydrogen,  or  hydrogen  mixed  with 
other  gases,  the  temperature  being  kept  constant,  generally 
at  about  280°.  Since  palladium  acts  as  semi-permeable 
membrane,  allowing  hydrogen  to  traverse  it,  the  question 
was  :  Would  the  pressure  of  the  hydrogen  inside  and  outside 
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the  vessel  eventually  become  the  same?  In  all  cases  this 
was  nearly  but  not  quite  the  case,  the  ratio  of  the  inside  to 
the  outside  pressure  varying  between  0*9  and  0*97.  In 
the  same  direction  Moore  (90)  has  put  forward  the  view 
that  osmotic  pressure  may  be  due  to  differences  between 
the  capillary  pressures  of  solvent  and  solution  acting  through 
pores  of  molecular  dimensions  in  the  semi-permeable  wall. 
Ostwald  points  out,  however  (91),  that  as  solvent  and 
solution  are  miscible  with  one  another,  there  is  no  surface 
of  separation  between  them,  and  consequently  that  capillary 
action  in  the  ordinary  sense  is  impossible. 

For  some  time  past  a  discussion  (92)  has  been  going 
on  regarding  the  validity  of  Arrhenius’  deduction  from 
theory  that  the  osmotic  pressure  of  a  dilute  aqueous  solution 
is  proportional  to  the  lowering  of  the  freezing-point. 
Dieterici  by  using  Fischers  numbers  for  the  vapour- 
pressure  of  ice  and  water  found  this  was  not  strictly  true, 
but  Arrhenius  by  means  of  Juhlin’s  more  recent  observa¬ 
tions  showed  that  the  proportionality  was  valid  within  the 
limits  of  experimental  error,  and  Dieterici  has  admitted  that 
for  depressions  of  the  freezing-point  up  to  io°  this  is  the 
case. 

In  his  last  paper,  Dieterici  gives  a  relationship  between 
osmotic  pressure  and  depression  of  the  freezing-point  which 
applies  to  concentrated  solutions.  Ewan  (93)  has  also  dealt 
with  strong  solutions.  He  finds  that  the  depression  of  the 
freezing-point  of  a  non-electrolyte  will  be  greater  than  van’t 
Hoff’s  theory  of  dilute  solutions  demands  if  the  heat  of 
dilution  be  positive  and  vice  versa.  The  observed  depres¬ 
sions  of  the  freezing-point  of  cane  sugar  and  those  calculated 
by  this  formula  agree  but  approximately.  A  similar  and 
detailed  inquiry  dealing  with  the  properties  of  electrolytic 
solutions  of  finite  concentration  has  been  published  by  van 
Laar  (94). 

As  regards  molecular  weight  estimations  by  means  of 
osmotic  pressure,  it  may  be  noted  that  Lob  (95)  has 
described  a  method  employing  red  blood  corpuscles.  A 
small  quantity  of  blood  is  added  to  the  solution  and  the 
flask  containing  them  is  rapidly  rotated  for  three  minutes, 
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and  the  colour  of  the  supernatant  liquid  is  then  noted, 
d  wo  solutions  which  are  just  coloured  after  this  treatment 
have  the  same  molecular  concentration,  and  hence  if  the 
molecular  weight  of  one  of  the  dissolved  substances  is 
known  that  of  the  other  can  be  calculated.  The  method  is 
rapid,  but  cannot  be  used  for  acids  and  bases.  In  carrying 
out  the  method  of  De  Vries,  Schreber  (96)  finds  that  the 
peduncle  of  the  dandelion  affords  good  material,  and  accord¬ 
ing  to  Hamburger  (97)  by  the  method  of  De  Vries  the  same 
results  are  obtained  for  the  osmotic  pressure  of  solutions  of 
albumen  as  by  the  methods  depending  on  red  blood  corpuscles 
or  depression  of  the  freezing-point. 

Vapour  pressure  and  boiling-point. —  Besides  the  work 
of  van  Laar,  already  referred  to  (94),  that  of  Ewan  (93) 
contains  a  theoretical  deduction  of  the  vapour-pressure 
formula  of  a  strong  solution.  Ewan  shows  that  the  vapour 
pressures  of  sulphuric  acid  solutions  calculated  by  his 
expression  from  the  freezing-point  and  heat  of  dilution, 
accord  with  the  facts. 

A  modification  of  Beckmann’s  boiling-point  apparatus 
for  determining  molecular  weights  has  been  described  by 
Linebarger  (98).  1  his  and  the  numerous  other  forms  of 

apparatus  which  have  been  proposed,  together  with  the 
various  improvements  in  the  accessories  of  the  boiling-point 
apparatus,  are  fully  discussed  by  Beckmann  in  a  recent  paper 
(99),  in  which  he  describes  what  he  regards  as  the  most 
suitable  type.  Gernhardt  (100)  has  proposed  to  replace  the 
platinum  wire  fused  through  the  base  of  the  boiling-point 
flask  by  a  less  costly  piece  of  red  Jena  glass. 

From  the  boiling-point  of  alcoholic  solutions,  Muller 
(101)  finds  that  ferric  chloride  has  the  formula  Fe  Cl3.  In 
ethereal  solution  the  molecular  weight  diminished  with  the 
dilution  from  200  to  151,  the  theoretical  value  for  Fe  Cl3  is 
162-5. 

Kruss  and  Thiele  ( 102)  from  the  boiling-point  of  solutions 
in  ether,  benzene,  chloroform  and  carbon  bisulphide,  and 
from  the  freezing-point  of  solutions  in  benzene  and  acetic 
acid,  conclude  that  in  these  solvents  iodine  has  the  formula 
I2.  The  difference  in  the  colours  of  the  solutions  is,  there- 
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fore,  no  direct  indication  of  the  molecular  state  of  the  iodine. 
They  also  made  observations  of  the  absorption  spectra  of 
solutions  in  34  solvents,  and  in  order  to  explain  the  results 
assume  with  Anschutz  and  Behrend  that  molecular 
complexes  (I2)n  are  formed,  the  individual  molecules  of 
which  exert  an  independent  effect  on  the  boiling-point  and 
freezing-point,  but  behave  as  a  complex  as  regards  the  colour 
of  the  solution. 

In  the  case  of  electrolytic  solutions,  sufficient  work  has 
now  been  done  to  prove  that  although  in  aqueous  solutions 
the  electrolytic  dissociation  as  deduced  from  the  boiling- 
point  agrees  with  that  deduced  from  the  conductivity,  this  is 
not  so  in  alcoholic  solutions.  Schlamp’s  work  (103)  on 
solutions  in  water  and  propyl  alcohol,  and  the  work  of 
Woelfer  (104)  together  with  that  mentioned  on  p.  300  make 
this  point  clear.  Of  course  it  has  to  be  noticed  that  the 
conductivity  is  generally  measured  at  the  ordinary  tempera¬ 
ture,  and  the  dissociation  may  be  less  at  the  boiling-point. 
Ostwald  (105)  thinks,  however,  that  some  cause  is  opera¬ 
tive  which  tends  to  make  the  result  obtained  from  the 
boiling-point  too  small  ;  whether  or  not  it  is  molecular 
aggregation  of  undissociated  molecules  is  at  present 
unknown.  It  is  noteworthy  that  Woelfer  finds  contrary  to 
Raoult’s  observations  that  in  alcoholic  solution  the 
molecular  weights  of  certain  salts  are  not  normal,  but  too 
small,  and  become  smaller  with  the  dilution  as  the  dissocia¬ 
tion  hypothesis  demands. 

Freezing-point. — The  validity  of  the  methods  in  use  for 
determining  the  freezing-point  has  been  the  subject  of  a 
somewhat  heated  controversy  (106). 

H.  C.  Jones  and  Loomis  each  described  a  method  in 
which  the  thermometer  was  read  to  the  1/10, oooth  of  a 
degree,  but  their  results  in  general  differed  considerably. 
F.  Kohlrausch  suggested  that  the  discrepancies  might  be 
due  to  errors  in  Jones’  method,  particularly  in  connection 
with  his  thermometer,  the  bulb  of  which  contained  over  200 
gr.  of  mercury.  To  this  Jones  replied  that  his  results  were 
in  harmony  with  those  deduced  from  observations  on 
conductivity,  and  suggested  that  the  substances  used  by 
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Loomis  were  not  quite  pure.  Pickering  also  criticised 
Jones’  method,  and  showed  that  the  character  of  the 
results  indicated  that  the  thermometer  used  had  not  been 
properly  calibrated.  In  answer,  Jones  has  stated  that  his 
thermometer  was  calibrated,  and  that  he  considered  the 
results  of  different  observers  were  not  the  same  because 
each  obtained  but  an  approximate  value  for  the  freezing- 
point,  since  the  actual  temperature  at  which  solid  solvent 
and  solution  are  in  equilibrium  cannot  be  determined  by  the 
ordinary  method. 

To  Nernst  and  Abegg  (107)  belongs  the  credit  of  first 
obtaining  definite  evidence  as  to  how  the  discrepancies  arose. 
They  show  theoretically  and  practically  that  in  ordinary 
cases  the  observed  freezing-point  is  a  function  of  the 
apparatus  used,  the  rate  of  stirring,  the  temperature  of  the 
cooling  bath,  etc.  By  keeping  the  temperature  of  the  cool¬ 
ing  bath  constant  and  stirring  at  a  constant  rate  they  show 
how  to  find  approximately  the  corrections  necessary  to 
obtain  the  true  freezing-point.  Their  experiments  prove 
that  by  altering  the  conditions  of  experiment,  values  varying 
between  i'6  and  2*1,  that  is,  by  25  per  cent.,  could  be 
obtained  for  the  molecular  depression  of  a  1  per  cent, 
solution  of  sugar,  but  on  applying  the  corrections  deduced 
by  their  method  all  these  results  gave  practically  the  value 
demanded  by  theory,  namely,  1*87.  They  also  make  it  clear 
that  even  when  the  corrections  are  used  it  is  quite  useless  to 
attempt  to  measure  the  depressions  nearer  than  the  1  /i oooth 
of  a  degree. 

A  new  method  applicable  to  the  case  of  very  dilute 
solutions  has  been  described  by  Lewis  (108).  By  its  use 
Wildermann  (109)  has  verified  van’t  Hoff’s  law  of  the 
depression  of  the  freezing-point  in  the  case  of  aqueous 
solutions  of  sugar,  urea,  and  alcohol  ;  he  also  shows  that  the 
degree  of  electrolytic  dissociation  calculated  from  the  freez¬ 
ing-point  of  solutions  of  potassium  chloride  and  sulphuric, 
trichloracetic,  dichloracetic,  and  nitro-benzoic  acids  agrees 
with  that  calculated  from  the  conductivity  ;  and  finds  that 
the  dissociation  of  the  last  two  acids  obeys  Ostwald’s  dilu¬ 
tion  law. 
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Ponsot  (no)  describes  another  method,  in  which  he 
adds  pounded  ice  to  the  solution,  finds  the  temperature 
when  equilibrium  is  attained,  pours  off  the  solution  and 
determines  its  concentration  by  analysis. 

Two  new  solvents  have  been  added  to  the  list.  Paterno 
and  Montemartini  (hi)  show  that  paraxylene  has  a 
molecular  depression  of  43.  The  majority  of  substances 
when  dissolved  in  it  give  normal  molecular  weights,  hydroxy 
compounds,  just  as  in  the  case  of  benzene,  being  exceptions. 
According  to  Lespieau  (112)  the  hydrate  H2S04H20  melts 
at  8*53°  and  behaves  as  a  solvent  with  a  definite  molecular 
depression  of  48. 

Noyes  and  Whitney  (1 13)  find  that  in  aqueous  solution 
alkaline  aluminates  have  the  formula  M  A1  02.  Borates 
have  a  similar  formula  unless  excess  of  boric  acid  be  present 
when  acid  salts  are  formed. 

The  behaviour  of  solutions  in  benzene  of  some  80 
oxy-compounds  has  been  studied  by  Auwers  (114)-  If  the 
molecular  weight  in  solutions  of  medium  concentration  is 
abnormally  large,  he  concludes  that  the  substance  is  a 
hydroxy  compound.  Certain  derivatives  of  acetoacetic 
acid,  diacetylacetone,  and  the  oxy-methylene  ketones  ap¬ 
peared  to  be  ketonic  ;  the  acid  derivatives  of  the  primary 
organic  bases  gave  abnormal  molecular  weights,  but  the 
secondary  and  tertiary  compounds  gave  normal  values. 
Mercaptans  differ  from  the  alcohols  in  showing  no  aggrega¬ 
tion.  (Compare  pp.  227,  228  and  234.)  From  the  de¬ 
pression  of  the  freezing-point  of  acetic  acid  by  water  in 
presence  of  sulphuric  acid,  H.  C.  Jones  ( 1 1 5)  obtained 
evidence  of  the  existence  under  the  experimental  conditions 
of  the  hydrates  H2S04,  H20  and  H2S04,  2H20.  Similar 
observations  gave  no  indication  that  water  and  alcohol 
combine,  but  action  of  some  kind  seemed  to  be  exerted  by 
water  on  sodium  acetate. 

Conductivity . —  In  a  lengthy  paper,  which  is  practically 
a  review  of  present  knowledge  of  ion  migration,  Bredig 
(1 16)  calculates  from  conductivity  observations  the  velocities 
of  some  300  different  ions.  He  finds  that  the  velocity  of 

elementary  ions  is  a  periodic  function  of  the  atomic  weight. 
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Isomeric  ions  of  analogous  constitution  have  almost  the 
same  velocities.  If  the  weight  of  an  ion  be  increased  by 
equal  increments,  the  velocity  is  diminished  by  amounts 
which  become  smaller  and  smaller.  In  general  a  retarding 
effect  is  produced  on  replacing  H  by  Cl,  Br,  I,  Me,  NH2  or 
N02;  or  on  replacing  N  by  P,  As,  or  Sb  ;  or  S  by  Se  or 
Te.  Retardation  also  occurs  if  monamines  be  converted 
into  diamines,  or  dicarboxylic  acids  into  monocarboxylic 
acids,  etc.  Constitution  often  exerts  a  marked  influence  ; 
of  metameric  ions  the  most  symmetrical  travels  fastest. 
There  can  be  no  question,  therefore,  of  the  closeness  of  the 
relation  which  exists  between  the  ionic  velocity  and  the 
chemical  nature  of  the  ion. 

The  influence  of  the  nature  of  the  solvent  on  the  con¬ 
ductivity  has  been  investigated  by  Vollmer  (117),  who  uses 
solutions  in  water,  methyl  alcohol  and  ethyl  alcohol.  In 
general  the  conductivity  increases  with  the  dilution,  and 
approaches  a  limit.  If  the  limiting  value  for  water  be 
taken  as  1,  in  the  case  of  methyl  alcohol  it  is  073,  and  in 
the  case  of  ethyl  alcohol  0*34.  In  very  dilute  solutions  the 
temperature  coefficient  of  the  conductivity  is  practically 
the  same  as  that  of  the  viscosity  coefficient  of  the  solvent. 
Ostwald’s  dilution  law  does  not  apply,  and  the  author  finds 
in  accord  with  other  observers  (see  p.  297)  that  the  boiling- 
point  of  an  alcoholic  solution  cannot  be  calculated  from  the 
conductivity.  Intimately  related  to  these  observations  are 
those  of  Kawalki  ( 1 1 8)  on  the  diffusion  of  salts  in  alcohol. 
The  diffusion  coefficient  is  not  quite  constant,  but  increases 
with  the  dilution.  The  important  point,  however,  is  that 
at  any  concentration  the  ratio  of  the  diffusion  coefficients  in 
water  and  alcohol  is  practically  the  same  as  that  of  the  con¬ 
ductivities  at  infinite  dilution.  The  rate  of  movement  of 
the  ions  in  water  is  therefore  about  three  times  as  fast  as  in 
alcohol,  and  the  results  in  the  main  support  the  dissociation 
theory. 

Wildermann  (119)  shows  that  the  order  of  the  dis¬ 
sociation  of  acetic  acid  and  certain  of  its  derivatives  is  the 
same  in  alcohol  as  in  water,  and  Campetti  (120)  finds  that 
the  transference  numbers  of  lithium  chloride  and  silver 
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nitrate  are  almost  the  same  in  water  and  alcohol,  but  as 
this  is  not  the  case  for  water  and  methyl  alcohol  he  regards 
the  transference  ratio  as  a  function  of  the  solvent. 

One  of  the  most  interesting  questions  in  connection 
with  conductivity  is  :  Why  should  certain  solvents  only  give 
solutions  which  readily  transmit  the  current  ?  In  answer  to 
this  question,  Nernst  points  out  that  if  the  ions  be  electrified 
points  the  lorces  between  them  will  be  diminished  the 
higher  the  dielectric  constant  of  the  medium,  and  hence  the 
dissociation  should  be  greatest  for  solvents  having  the  largest 
dielectric  constant.  The  dissociation  of  hydrogen  chloride 
in  hydrocarbons,  ether,  isobutyl  alcohol,  ethyl  alcohol, 
methyl  alcohol  and  water,  is  shown  to  obey  this  rule,  water 
having  by  far  the  largest  dielectric  constant.  This  action  of 
the  solvent  was  pointed  out  by  J.  J.  Thomson  in  1893,  and 
Whetham  (122)  has  shown  that  the  behaviour  of  solutions 
in  water,  methyl  alcohol  and  ethyl  alcohol  agrees  quantita¬ 
tively  with  the  theory  if  corrections  are  introduced  for  the 
viscosities  of  the  solvents. 

Many  observations  on  solutions  point  to  the  fact  that  water 
is,  to  an  extremely  slight  extent,  dissociated  into  ions,  and 
the  amount  of  the  dissociation  has  been  calculated  in  various 
ways  (123).  The  simplest  method  makes  use  of  Kohlrausch’s 
numbers  for  the  conductivity  of  water.  This  calculation 
was  made  by  Ostwald,  who,  by  means  of  Nernst’s  theory, 
also  obtained  an  independent  value  from  the  electromotive 
force  of  a  voltaic  cell  with  electrodes  reversible  as  regards 
hydrogen  ions.  Ostwald’s  new  value  has  recently  been 
slightly  modified  by  Nernst. 

Arrhenius  by  using  Shields’  results  for  the  hydrolysis  of 
sodium  acetate  by  water,  and  Wijs  from  the  velocity  of 
saponification  of  methyl  acetate  by  water,  have  also  obtained 
measures  of  the  dissociation,  and  Laar  has  tried  to  show 
theoretically  that  Wijs’  value  is  most  probably  correct. 
The  numbers  thus  obtained  are  as  follows  : — 

Kohlrausch,  <o'6  x  icr6  at  250. 

Ostwald — Nernst,  o*8  x  icr7  at  180. 

Arrhenius — Shields,  it  x  io-7  at  25°. 

Wijs,  1*2  x  io-7  at  250. 
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The  specific  conductivity  of  the  sample  of  water  from 
which  Kohlrausch’s  value  was  obtained  was  o'2  5  x  io_I°  at 
1 8°.  Recently  Kohlrausch  and  Heydweiller  (124)  have 
shown  more  clearly  than  ever  to  what  a  large  extent  the 
conductivity  is  affected  by  the  merest  traces  of  impurity. 
From  observations  on  samples  of  different  degrees  of  purity, 
one  of  which  was  the  purest  yet  obtained,  they  calculated, 
after  making  use  of  the  views  of  the  new  theory  of 
solutions,  that  the  conductivity  of  pure  water  was  only 
0'c>36i  x  10T  The  dissociation  deduced  from  this  number 
is  : — 

1  *05  x  icr7  at  2 50. 

It  is  certainly  surprising,  considering  the  extreme  smallness 
of  the  amount,  that  all  these  methods  indicate  that  at  250 
every  10  million  litres  of  pure  water  contain  about  1  gram 
of  hydrogen  ions. 

Two  curious  points  arise  in  a  paper  by  Daniell  (125). 
If  a  sufficiently  thin  metallic  partition  be  placed  in  a  volta¬ 
meter  when  the  current  passes  no  gas  is  evolved  at  the 
partition.  The  critical  thickness  for  gold  is  0’049  mm.,  and 
for  aluminium  0'035  mm.  In  the  case  of  a  copper  sulphate 
solution  the  salt  itself,  and  not  the  copper  ions,  appears  to 
traverse  a  gold  leaf  partition.  - 

Observations  on  conductivity  are  now  largely  used  in 
determining  the  constitution  of  organic  acids.  It  is  note¬ 
worthy  that  Werner  and  Miolati  (126)  have  attempted  to 
use  the  same  method  to  throw  light  on  the  structure  of  the 
complex  double  salts  of  ammoninum  and  platinum,  cobalt,  etc. 

Optical  properties . — Most  of  the  work  on  optical  pro* 
perties  may  be  grouped  around  the  dissociation  hypothesis. 
From  observations  on  the  refractive  index  of  aqueous 
solutions,  Hallwachs  (127)  and  Bary  (128)  find  there  is 
no  evidence  of  dissociation.  It  is  to  be  noted,  however, 
that  this  result  is  not  surprising  as  the  dissociation  of  the 
substances  used  varies  little  over  the  changes  in  concentra¬ 
tion  studied.  According  to  Muynck  (129)  the  refractive 
index  of  solutions  of  salts  containing  iodine  gives  no  proof 
of  the  presence  of  the  double  and  triple  molecules  indicated 
by  Hittorfs  transference  ratios. 
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The  rotatory  powers' of  salts  of  a-bromcamphoric  acid 
when  equally  dissociated  are  found  by  Walden  to  be  the 
same  (130) ;  if  two  active  ions  be  present  the  rotatory  power 
is  found  to  be  the  sum  of  the  rotatory  powers  of  each. 
Carrara  (131)  also  shows  that  the  rotation  of  salts  of 
nicotine  conforms  to  the  dissociation  theory,  and  more 
striking  support  still  is  furnished  by  Blosfeld  (132).  If  an 
equivalent  of  a  strong  acid  be  added  to  a  solution  contain¬ 
ing  an  equivalent  of  asparagine,  the  rotation  is  altered  to 
about  the  same  extent  no  matter  what  acid  be  used  ;  this 
is  no  longer  true,  however,  with  weak  acids.  The  explana¬ 
tion  is  that  the  strong  acids  form  salts  which  are  not 
hydrolysed  and  are  almost  completely  dissociated  ;  the  rota¬ 
tion  in  equivalent  solutions  is,  therefore,  due  to  the  same 
number  of  active  ions  and  is  the  same  for  all.  With  weak 
acids  hydrolysis  occurs,  and  the  dissociation  and  hence  the 
rotation  varies  in  each  case. 

The  rotation  of  rhamnose  in  isopropyl  alcohol  is  positive 
but  is  negative  in  ethyl  alcohol.  From  observations  on  the 
boiling-point,  Sale  (133)  finds  that  in  ethyl  alcohol  the 
molecular  weight  is  too  high. 

The  rotations  of  solutions  in  chloroform  of  position 
isomers,  chiefly  derivatives  of  phenyl  carbamic  acid,  show, 
according  to  Goldschmidt  and  Freund  (134),  that  in  general 
the  value  of  the  meta-compound  is  intermediate  to  those  of 
its  ortho-  and  para-isomers.  Kannonikoff  (134)  has  tried  to 
prove  experimentally  that  a,  the  angle  of  rotation  in  a  200 
mm.  tube  of  a  solution  of  an  active  substance  is  connected 
with  0,  the  angle  of  minimum  deviation  in  a  6o°  prism,  by 
the  relation  a  =  Aty  +  B.  A  and  B  are  constants  varying 
with  the  solvent,  but  A/B  is  nearly  the  same  for  different 
substances  dissolved  in  the  same  solvent.  He  considers 
that  A/B  is  closely  related  to  the  chemical  nature  of  the 
solvent,  and  may  be  used  as  an  aid  in  determining  its 
constitution  ;  his  data,  however,  are  in  some  cases  not  very 
satisfactory. 

Perkin  (135)  has  confirmed  his  previous  conclusion  that 
the  magnetic  rotation  of  hydrogen  chloride  in  dilute  aqueous 
solution  is  almost  twice  as  great  as  when  it  is  dissolved  in 
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isoamyl  oxide.  At  Jahn’s  suggestion  Schonrock  made  ex¬ 
periments  which  seemed  to  show  that  this  result  was  due 
to  chemical  action  between  the  gas  and  the  isoamyl  oxide. 
Perkin  finds,  however,  that  there  is  no  appreciable  action 
even  after  three  days,  and  he  also  finds  that  the  rotation 
in  alcohol  is  almost  the  same  as  in  isoamyl  oxide.  These 
results  clearly  illustrate  the  difference  in  the  behaviour  of 
water  and  indifferent  solvents. 

As  regards  the  colour  of  solutions,  Sabatier  ( 1 36)  has 
determined  the  absorption  spectra  of  solutions  of  cupric 
bromide,  and  Ostwald  (137)  has  interpreted  his  results  in 
terms  of  the  dissociation  hypothesis.  On  the  other  hand, 
Kastle  (138)  concludes  that  no  known  theory  can  explain 
the  colour  phenomena  of  salt  solutions,  and  he  attributes 
them  to  chemical  processes.  Magnanini  (139)  also  finds 
that  the  salts  of  violuric  acid  do  not  agree  with  the  dissocia¬ 
tion  hypothesis.  He  gives  evidence  which  shows  that 
the  ions  of  the  acid  are  colourless,  whereas  solutions 
of  its  alkaline  salts  are  not  colourless,  but  red.  Again,  on 
adding  nitre  to  the  solutions,  the  colour  is  not  affected, 
although  nitre  should  diminish  the  dissociation,  and  thus 
the  colour  of  the  solutions. 

Buckingham  (140)  has  tried  to  show  that  the  fluores¬ 
cence  of  salts  may  be  correlated  with  their  ionisation, 
and  Bandrowski  (141)  considers  that  the  light  which  is 
sometimes  emitted  during  crystallisation  is  an  electrical 
phenomenon  associated  with  the  ions,  but  in  neither  case  is 
the  evidence  convincing. 

Density  and  other  properties. — The  effect  of  temperature 
and  pressure  on  the  density  of  a  solution,  according  to 
several  papers  (142)  by  Tamman,  can  be  expressed  by 
saying  that  the  thermodynamic  surface  of  a  solution  ap¬ 
proximately  coincides  with  that  of  the  solvent  if  the  zero 
of  pressure  in  the  case  of  the  solution  be  taken  to  be  not  one 
atmosphere,  as  in  the  case  of  the  solvent,  but  one  atmo¬ 
sphere  plus  a  definite  pressure. 

Kohlrausch  and  Hallwachs  (143)  have  described  an 
accurate  method  for  determining  the  density  of  very  dilute 
solutions,  and  obtained  a  series  of  values  for  saline  solutions. 
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The  densities  of  solutions  of  potash  and  soda  have  been 
determined  by  Pickering  (144).  In  the  case  of  soda  the 
curves  representing  at  constant  temperature  the  variation 
of  the  density  with  the  concentration  show  eight  “  breaks  ” 
at  points  corresponding  with  the  composition  of  definite 
hydrates,  six  of  which  are  known  in  the  free  state.  The 
other  two  ‘‘breaks”  correspond  with  those  of  the  freezing- 
point  curve.  In  the  case  of  potash  there  are  four  ‘‘breaks,” 
one  of  which  occurs  at  a  concentration  corresponding  with 
the  composition  of  a  known  hydrate. 

The  volume  change  attendant  upon  neutralisation  was 
found  by  Ruppin  (145)  to  be  additive  in  all  the  cases  he 
studied,  if  allowance  were  made  for  the  dissociation  of  the 
substances. 

Solubility. — Of  the  numerous  investigations  on  solubility, 
many  of  which  refer  to  indifferent  solvents,  the  most 
important  is  probably  that  of  Etard  (146),  whose  observa¬ 
tions  extend  to  temperatures  as  high  as  70 o°.  The  con¬ 
centration  of  a  solution  he  takes  as  the  weight  of  salt  in 
one  hundred  parts  by  weight  of  solution,  consequently  his 
experimental  curves  represent  the  freezing-points  of  mixtures 
of  substance  and  solvent,  and  the  ends  of  the  curves 
correspond  with  the  melting-points  of  the  pure  substance 
and  the  pure  solvent.  In  general,  each  curve  both  for  water 
and  other  solvents  consists  of  several  straight  lines.  The 
observations  refer  to  salts  in  water,  mercuric  chloride  in 
thirteen  organic  solvents  and  cupric  chloride  in  nine  organic 
solvents.  In  the  two  latter  cases  evidence  w7as  obtained  of 
combination  between  substance  and  solvent.  Determina¬ 
tions  were  also  made  on  sulphur  in  several  organic  solvents 
at  temperatures  up  to  its  melting-point. 

Lieben  finds  that  the  solubility  of  calcium,  barium,  and 
strontium  salts  of  the  normal  fatty  acids  varies  regularly  with 
the  replacement  of  H  by  Me.  If  the  acids  are  not  normal 
the  variation  is  complex.  Winkler’s  work  on  the  relation 
between  the  solubility  of  a  gas  and  the  viscosity  of  its 
solvent  has  been  examined  by  Thorpe  and  Rodger  (148). 
They  find  that  in  the  case  of  hydrogen,  oxygen,  and  nitrogen, 
the  diminution  in  solubility  produced  by  rise  in  temperature 
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is  proportional  to  the  corresponding  diminution  in  viscosity, 
and  that  the  factor  of  proportionality  is  greater  the  greater 
the  molecular  weight  of  the  gas. 

According  to  Le  Chatelier  (149)  the  general  law  of  the 
solubility  of  a  normal  substance  should  be  independent  of  the 
nature  of  the  solvent  and  should  be  given  by 

0'002  log  s—L/T  +  L/^  =  o. 

H  ere  s  is  the  number  of  molecules  of  substance  in  s  -  r 
molecules  of  solvent,  L  and  T  the  heat  of  fusion  and  melting- 
point  of  the  substance,  and  t  the  freezing-point  of  the 
solution. 

Krister  (150)  has  attempted  to  find  a  convenient  means 
of  applying  Nernst’s  method  of  determining  molecular 
weights  from  diminution  of  the  solubility.  He  uses  as 
solvents  phenol  and  a  saturated  solution  of  common  salt,  and 
finds  how  the  solubility  of  the  phenol  is  altered  when 
different  substances  are  dissolved  in  it,  the  amount  of 
phenol  dissolved  by  the  salt  solution  being  determined  by 
titration.  The  results  are  fairly  satisfactory,  but  have  no 
pretensions  to  a  high  degree  of  accuracy. 

From  observations  on  the  partition  coefficient,  Kiister 
infers  that  iodide  of  starch  is  not  a  compound  (151),  and 
that  when  ether  is  absorbed  by  caoutchouc  it  exists  partly 
as  double  molecules,  which  become  fewer  the  more  dilute 
the  solid  solution  (152).  By  similar  observations  Schmidt 
(153)  concludes  that  dyeing  is  not  a  case  of  solid  solution, 
but  is  akin  to  absorption,  and  Jakovkin  (154)  studies  the 
dissociation  of  potassium  tri-iodide  in  aqueous  solution. 

In  connection  with  colloidal  solutions,  Ramsden  (155) 
finds  that  if  a  solution  of  albumen  be  shaken  it  coagulates 
and  is  only  slowly  soluble  in  water  or  salt  solutions, 
and  differs  from  albumen  coagulated  by  heat.  The  change 
is  not  due  to  the  chemical  action  of  air. 

CHEMICAL  MECHANICS  AND  AFFINITY. 

A  detailed  study  of  the  mechanics  of  the  reversible 
gaseous  reaction  involving  the  formation  and  decomposition 
of  hydrogen  iodide  has  been  made  by  Bodenstein  (156). 
At  atmospheric  pressure  the  fraction  of  the  total  hydrogen 
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iodide,  which  was  decomposed  when  equilibrium  was 
attained,  varied  with  the  temperature.  At  290°  it  was 
0*1637  ;  at  518°,  €>'2363  ;  at  320°,  however,  it  was  only 
o*i 60 1,  and  a  minimum  occurred  at  this  temperature.  This 
remarkable  fact  points  to  the  conclusion  that  at  320°  the  ' 
heat  of  formation  is  nil.  Such  a  result  is  in  harmony  with 
thermochemical  considerations,  for  at  ordinary  temperatures 
the  heat  of  formation  of  hydrogen  iodide  is  negative,  while 
at  high  temperatures,  since  the  amount  of  decomposition 
increases  with  the  temperature,  the  heat  of  formation  must 
be  positive,  and  hence  at  some  intermediate  temperature  it 
must  be  nil.  Bodenstein  also  finds  that  pressure  modifies 
the  condition  of  equilibrium  by  increasing  the  decom¬ 
position.  According  to  the  law  of  mass  action,  pressure 
should  produce  no  effect.  Hence  there  is  probably  some 
secondary  reaction  involved  whereby  the  volume  of  the 
system  is  diminished,  and  does  not  remain  constant,  as  in 
the  case  of  the  normal  reaction.  The  effect  of  pressure 
and  temperature  on  the  velocity  of  decomposition  was  also 
obtained  ;  the  velocity  constant  is  almost  proportional  to 
the  pressure. 

Carrara  (157)  has  studied  the  velocity  of  formation  of 
Me2  Et  SI.  At  o°,  if  it  be  produced  from  Me2S  and  Et  I, 
the  velocity  constant  is  0*00027,  whereas  if  Me  EtS  and 
Mel  be  used  the  constant  is  0*01223,  or  almost  fifty  times 
greater.  Again  if  Me  Et2SI  be  formed  from  Et2S  and 
Mel,  the  constant  is  almost  fifty  times  greater  than  it  is 
when  Me  EtS  and  EtI  are  used. 

The  velocity  of  hydrolysis  of  ethers  is  definitely  con¬ 
nected  with  their  chemical  nature  ;  indeed,  De  Hemptinne 
(158)  finds  that  if  the  constants  for  one  series,  and  also  that 
of  a  single  member  of  another  series,  be  known,  the  constants 
of  all  the  members  of  the  second  series  may  be  calculated. 
Certain  reactions  are  of  course  only  possible  in  certain 
solvents  ;  an  interesting  study  of  the  effect  of  the  solvent 
has  been  made  by  Otto  (159). 

From  observations  of  its  influence  on  the  saponification 
of  methyl  acetate,  Walker  concludes  that  in  aqueous  solution 
Na2S  exists  as  Na  HS  and  Na  HO  (160).  Using  the  rate 
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of  inversion  of  sugar,  Noyes  and  Clements  (161)  infer  in 
a  similar  way  that  hydrogen  potassium  tartrate  when  dis¬ 
solved  yields  a  certain  amount  of  free  acid.  The  inter¬ 
action  of  stannous  chloride  and  ferric  chloride  has  been 

shown  by  Kablenberg  to  follow  the  law  of  mass  action 
(162). 

A  reaction  in  a  heterogeneous  system  has  been  studied 
by  Carrara  and  Zoppellari.  They  find  that  on  stirring 
water  and  sulphuryl  dichloride  by  blowing  air  through  the 
mixture,  the  reaction  is  of  the  first  order,  and  the  law  of 
mass  action  is  obeyed  just  as  in  a  homogeneous  system. 
The  velocity  is  the  same  if  decinormal  potash  solution  be 
used,  hence  it  is  concluded  that  the  water  and  not  the 
potash  effects  the  decomposition. 

The  affinity  coefficients  of  a  large  number  of  bases  have 
been  obtained  by  Bredig  (164)  from  observations  on  con¬ 
ductivity.  The  results  show  that  of  organic  bases  the 
quaternary  are  the  strongest,  and  the  ternary  the  weakest. 
The  bases  of  P,  As,  Sb,  S  and  Te  are  very  strong,  those 
of  Sn  and  Hg  are  very  weak.  In  the  case  of  metameric 
diamines  the  base  is  the  stronger  the  further  the  amido- 
groups  are  apart  in  the  molecule. 

A  curious  method  of  determining  the  affinity  of  feeble 
acids  is  due  to  Wood  (165).  It  depends  upon  the  inhibitory 
action  which  they  exert  on  the  velocity  of  hydrolysis  of 
starch  by  diastase.  Ostwald  thinks  the  method  may  be 
useful  in  the  case  of  feeble  bases. 

Linebarger  (166)  has  described  a  method  for  measuring 
small  dissociation-pressures  like  those  of  hydrated  salts. 
The  salt  is  brought  into  contact  with  ether  and  the  amount 
of  water  given  up  to  the  ether  determined  by  the  rise  in 
its  boiling-point,  d  he  concentration  of  the  water  in  the 
ether  is  thus  obtained,  and  the  dissociation-pressure  of  the 
salt  is  equal  to  the  partial  pressure  of  water  in  the  vapour  of 
a  solution  of  this  concentration.  References  to  several  new 
methods  of  determining  transition  temperatures  are  given  on 
P-  3W- 

Continuing  his  previous  experiments,  Lea  (167)  found 
that  on  subjecting  several  easily  reducible  salts  of  metals, 
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such  as  silver,  mercury,  platinum,  etc.,  to  the  prolonged 
action  of  high  pressure  amounting  at  most  to  1,000,000  lbs. 
per  square  inch,  a  certain  small  amount  of  decomposition 
occurred,  which  was  indicated  by  a  darkening  in  the  colour 
of  the  substances.  The  reactions  involved  are  endothermic 
and  the  author  concludes  that  the  application  of  mechanical 
force  can  bring  about  such  reactions.  The  results  have 
given  rise  to  a  controversy  (168)  with  Spring,  in  which  both 
he  and  Lea  claim  to  have  been  the  first  to  show  that 
mechanical  energy  can  be  continuously  transformed  into 
chemical  energy. 


CHEMICAL  ENERGY. 

Thermochemistry . — Most  of  the  work  in  thermochemistry 
has  been  concerned  with  the  determination  of  thermal 
constants  and  does  not  admit  of  general  treatment.  An 
extensive  investigation  has  been  carried  out  by  Stohmann  and 
his  pupils  (169),  who  redetermine  the  heats  of  combustion 
of  the  fatty  acids.  Formic  acid  gives  an  exceptionally  large 
value,  and  thus  exhibits  the  behaviour  which  in  general 
characterises  the  initial  members  of  homologous  series. 
Amongst  the  general  conclusions  they  obtain,  the  most  note¬ 
worthy  are  that  on  replacing  H  on  a  hydrocarbon  by  COOH 
the  thermal  change  is  variable,  and  that  acetic  acid  has 
almost  the  same  heat  of  combustion  as  malonic  acid,  and  the 
same  is  true  for  corresponding  homologues  of  the  two  series. 

Berthelot  ( 1 70)  finds,  as  might  have  been  anticipated,  that 
the  heat  of  reaction  of  bromine  and  propylene  differs  from 
that  of  bromine  and  trimethylene  ;  the  latter  is  considerably 
the  larger.  In  another  paper  Berthelot  has  tried  to  reconcile 
his  principle  of  maximum  work  with  modern  views  of 
chemical  energetics  (171). 

In  a  suggestive  paper,  Nernst  (172)  shows  that,  in 
general,  on  mixing  two  concentrated  solutions  which  differ 
only  as  regards  concentration  the  change  in  the  free  energy 
is  equal  to  the  change  in  the  total  energy  of  the  system. 
From  considerations  of  the  vapour  pressure  and  heat  of 
dilution  this  is  shown  to  be  the  case  for  solutions  of 
sulphuric  acid. 
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Electrochemistry. — The  most  important  researches  in 
electrochemistry  have  been  concerned  with  the  development 
of  -  Nernst’s  theory,  which  is  one  of  the  most  important 
advances  of  the  new  theory  of  solutions,  an  advance  which 
enables  the  electromotive  force  of  a  cell  to  be  correlated 
with  the  concentration  of  electrolytic  solutions.  The  basis 
of  the  theory  is  the  assumption  that  when  a  metal  is 
immersed  in  a  solution  it  exerts  a  definite  solution  pressure 
P,  whereby  ions  tend  to  pass  into  the  solution.  This 
passage  is  opposed  by  the  electrostatic  attraction  which  it 
sets  up,  and  also  by  the  osmotic  pressure  p  of  ions  of  the 
same  kind  present  in  the  solution.  The  larger  P,  other 
things  being  the  same,  the  more  strongly  will  the  solution 
be  positively  charged  and  the  electrode  negatively  charged. 
The  potential  difference  between  an  electrode  and  a  solution 
is  held,  therefore,  to  depend  upon  two  constants,  one  of 
which,  P,  is  due  to  the  metal,  and  the  other,/,  to  the  cathion 
concentration  of  the  solution.  If  a  cell  be  formed  in  which 
the  electrodes  are  the  same,  P  may  be  eliminated  from  the 
equations,  and  on  neglecting  the  potential  differences 
between  the  solutions,  the  E.M.F.  may  be  expressed  in 
terms  of  the  osmotic  pressures  or  the  concentrations  of  the 
solutions  around  the  electrodes.  Goodwin  (173)  has  made 
experiments  on  the  chain — 


T1  |  T1C1  and  KNOs  |  T1C1  and  KC1  |  Tl. 

Here  as  in  the  simple  case  the  cathion  of  the  salt  is  the 
same  as  that  of  the  electrode.  He  also  makes  observations 
on  two  chains  consisting  of 


Zn  I  ZnCL 


Hg2CL 


Hg, 


in  which  the  concentrations  vary,  and  which  are  opposed  to 
one  another.  Here  the  solution  around  the  electrode  con¬ 


tains  a  sparingly  soluble  salt  of  the  electrode  in  presence  of 
another  salt  with  the  same  anion.  In  both  cases  theory 
and  practice  agree,  and  a  number  of  alterations  in  the 
solutions,  such  as  the  substitution  of  salts  of  other  metals 
for  those  of  potassium  in  case  1,  or  of  bromides  for  chlorides 
in  case  2,  are  found  in  accordance  with  theory  to  have  no 
effect  on  the  E.M.F. 

The  E.M.F.,  or  the  conductivity,  is  a  convenient  mode 
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of  finding  die  solubility  of  difficultly  soluble  substances  like 
silver  iodide.  Goodwin  concludes  that  for  solubilities  less 
than  o*i  x  10“ 5  the  E.M.F.  gives  better  results  than  the 
conductivity.  Smale  (174)  has  made  experiments  to  show 
that  Nernst’s  theory  applies  as  Ostwald  has  suggested  to 
gas  batteries.  The  electrodes  were  partly  immersed  in  the 
gas  and  partly  in  the  electrolyte,  and  the  E.M.F  was  found 
to  be  independent  of  the  size  of  the  electrodes  and  of  the 
nature  and  concentration  of  solution,  unless  in  the  case  of 
the  halogen  acids,  where  secondary  reactions  are  supposed 
to  occur.  If  hydrogen  be  put  over  two  solutions  of  different 
concentration,  the  electrode  in  the  stronger  solution  is 
positive.  In  the  case  of  gas  chains  the  E.M.F.  and  the 
solution  pressure  are  inversely  proportional  to  the  absolute 
temperature. 

Neumann  has  determined  the  potential  difference  be¬ 
tween  several  metals,  including  hydrogen,  and  solutions  of 
their  salts.  For  equal  concentrations  of  the  metallic  ion 
the  nature  of  the  negative  ion  had  no  influence  on  the 
E.M.F.  On  arranging  the  metals  in  the  order  of  the 
potential  differences  obtained,  it  was  found,  as  anticipated, 
that  those  metals  coming  after  hydrogen,  namely,  Sb,  As, 
Cu,  Hg,  Ag,  Pb,  Pt  and  Au,  were  all  precipitated  by 
hydrogen  from  their  solutions.  The  potential  differences 
between  platinum  and  various  oxidising  and  reducing 
solutions  were  also  obtained,  and  out  of  forty  cases  only 
four  gave  positive  differences.  These  were  stannous 
chloride,  sodium  sulphide,  hydroxylamine,  and  chromous 
acetate. 

The  potential  differences  between  various  metals  and 
electrolytes  have  been  measured  by  Rothmund,  who  uses 
a  new  method  (176),  and  finds  that  the  E.M.F.  of  a  gal¬ 
vanic  cell  is  the  sum  of  the  above  potential  differences,  and 
that  those  between  the  two  metals  or  the  two  electrolytes 
have  an  inappreciable  effect  on  the  E.M.F. 

Streintz  (177)  has  verified  Nernst’s  conclusion  that  the 
E.M.F.  of  a  Daniell’s  cell  depends  only  on  the  ratio  of  the 
concentrations  of  the  solutions  of  the  two  sulphates. 

The  potential  difference  between  an  aqueous  solution 
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and  another  of  the  same  salt  in  methyl  alcohol,  ethyl 
alcohol,  or  acetone,  has  been  determined  by  H.  C.  Jones 

(178) .  The  aqueous  solution  was  always  positive.  The 
results  indicate  that  the  solution  pressure  of  a  metal  varies 
with  the  solvent. 

A  paper  by  Nourisson,  in  which  the  E.M.F.  was  cal¬ 
culated  from  thermal  data,  has  given  rise  to  a  discussion 

(179)  involving  a  question  of  priority  between  Berthelot 
and  Le  Blanc.  The  main  point  to  notice  is  that  both 
Berthelot  and  Nourisson  employ  the  old  idea  that  the 
E.M.F.  of  a  cell  can  be  calculated  from  Thomson’s  rule  on 
the  supposition  of  the  perfect  transformation  of  chemical 
into  electrical  energy.  Le  Blanc  points  out  that  this  view 
is  now  untenable. 

In  an  extremely  suggestive  paper  (180),  entitled  the 
“  Chemometer,”  Ostwald  deals  with  the  question  of 
chemical  intensity.  A  thermometer  measures  the  intensity 
of  heat  energy,  an  electrometer  measures  the  intensity  of 
electrical  energy ;  a  similar  instrument  in  the  case  of 
chemical  energy  would  be  a  chemometer.  Ostwald  points 
out  that  if  we  perform  a  chemical  process  in  a  voltaic  cell, 
there  is  attendant  upon  it  a  movement  of  electricity,  and 
work  derived  from  the  chemical  process  may  be  manifested 
as  electrical  energy.  Now  the  electrical  energy  is  equiva¬ 
lent  to  the  chemical  energy,  and  since  the  capacity  factor 
of  the  electrical  energy,  that  is,  the  quantity  of  electricity, 
is  according  to  Faraday’s  law  proportional  to  the  capacity 
factor  of  the  chemical  energy,  that  is,  the  quantity  of  matter 
decomposed,  it  follows  that  the  intensity  factors  must  be 
proportional,  and  hence  the  electromotive  force  is  propor¬ 
tional  to  the  chemical  intensity.  In  this  way  is  the  problem 
of  the  chemometer  solved  in  the  case  of  electrolytes.  How 
it  is  to  be  done  in  the  case  of  non-electrolytes,  or  by  means 
of  the  other  forms  of  energy  into  which  chemical  energy 
can  be  transformed,  has  yet  to  be  seen. 

Drude  and  Nernst  ( 1 8 1 )  draw  attention  to  a  conse¬ 
quence  of  the  electrostatic  charges  of  the  ions.  If  the 
dielectric  constant  of  a  medium  increases  on  compression  it 
will  contract  in  an  electrostatic  field,  consequently  if  free 
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ions  exist  in  solutions  of  electrolytes  the  solvent  will  be 
compressed  in  the  field  produced  by  the  ionic  charges. 
The  authors  develop  the  theory  of  the  subject,  and  recall 
the  fact  that  as  dilution  proceeds  the  calculated  molecular 
volume  of  a  salt  becomes  less  and  less,  and  exhibits  ap¬ 
parently  the  increased  contraction  of  the  solvent  due  to  the 
increased  ionisation.  Several  cases  are  quoted  to  show 
that  the  electrostriction  thus  produced  by  the  dissociation 
of  one  gram-molecule  of  salt  into  two  monovalent  ions  is 
almost  the  same,  and  varies  between  8  and  11  c.c. 

Photochemistry.  —  Roloff  (182)  has  studied  the  effect  of 
light  on  the  interaction  of  mercuric  chloride  and  ammonium 
oxalate.  Substances  which  increase  the  dissociation  in¬ 
crease  the  amount  of  mercurous  chloride  produced.  He 
concludes  that  only  dissociated  molecules  take  part  in  the 
reaction  which  is  carried  on  by  Hg  and  C204  ions.  In  the 
case  of  the  interaction  of  bromine  and  oxalic  acid  in  the 
light  and  in  the  dark  he  finds  that  the  ratio  of  the  velocities 
increases  rapidly  with  the  time,  and  on  the  addition  of 
potassium  bromide.  In  the  potassium  bromide  solution 
KBr3  is  supposed  to  exist,  and  the  action  of  light  is  held  to 
increase  the  activity  of  the  ions  and  the  Br3  group. 

An  attempt  to  explain  the  development  of  the  silver 
bromide  gelatine  image  of  a  photographic  plate  in  terms  of 
the  intensity  of  reducing  agents  as  found  by  observations 
on  E.M.F.,  and  by  the  application  of  the  law  of  mass 
action,  has  been  made  by  Bredig  (183).  Dewar  (184) 
finds  that  at  the  boiling-point  of  liquid  air  photographic 
action  is  reduced  by  80  per  cent. 

Lemoine  considers  that  of  the  total  light  only  iji 0,000th 

is  used  in  chemical  work  in  the  reaction  between  ferric 
chloride  and  water  (185). 

An  electrode  consisting  of  a  silver  plate  coated  with 
silver  bromide,  which  is  sensitive  to  light,  and  which  might 
probably  serve  therefore  as  an  actinometer,  has  been  de¬ 
scribed  by  Luggin  (186).  When  paired  with  a  silver  plate 
in  a  solution  of  potassium  bromide  the  results  are,  however, 
not  very  constant. 
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ON  THE  PROTOPLASTID  BODY  AND  THE 

METAPLASTID  CELL. 


IN  the  title  which  I  had  originally  framed  for  the  con¬ 
tents  of  this  paper,  the  words  proto-  and  meta-zoa 
stood  in  place  of  those  employed,  and  I  have  made  the 
change  in  terminology  out  of  deference  to  certain  criti¬ 
cisms  which  have  reached  me,  concerning  the  impropriety 
of  an  indifferent  use  of  the  terms  proto-  and  meta-zoa 
when  speaking  of  both  animals  and  plants. 

The  word  fk  plast  ”  has  great  advantages  ;  without  an 
affix  it  does  not  bind  one  to  any  numerical  statement,  and 
it  is  sufficiently  vague  to  cover  most  anomalies  that  are 
likely  to  occur.  '.-Whatever  it  ought  to  mean,  the  really 
important  matter  of  what  it  has  come  to  mean  may  be 
gathered  from  the  frequent  use  of  the  terms  Mono-  and 
Poly-plastid,  to  distinguish  between  two  well-marked  types 
of  living  forms.  Of  the  first  of  these  an  amoeba  forms  a 
typical  example,  and  as  the  same  structural  elements  which 
compose  this  organism  apparently  constitute  the  individual 
cells  of  the  higher  polyplastid  forms,  the  constituents  of  the 
monoplastid  body  appear  to  be  equivalent  to  those  of  the 
polyplastid  cell.  Plast  becomes  synonymous  with  cell,  and  the 
difference  between  mono-  and  poly-plastid  organisms  appears 
to  be  that  the  former  are  composed  of  one,  and  the  latter  of 
many  cellular  elements.  Now,  although  the  appreciation  of 
this  fact  is  exactly  expressed  by  the  current  terms  of  multi- 
and  uni-cellular  organisms,  I  have  not  adopted  these,  because 
there  are  many  monoplastid  forms  with  affinities  among  the 
polyplastids,  which,  through  such  a  definition,  would  be 
sharply  excluded  from  them,  and  the  inverse  conclusion 
equally  applies.  Therefore  I  have  simply  retained  the  old 
affixes  of  proto  and  meta  to  designate  the  two  great  cate¬ 
gories  into  which  the  various  kinds  of  plastids  appear  to  fall. 

The  term  proto  implies  that  the  protoplasts  preceded 
the  metaplastids  in  point  of  time,  and  no  objection  is  likely  to 
be  made  to  it  on  that  account,  although  I  doubt  if  the 
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assumed  archaic  character  of  the  former  rests  on  any  surer 
basis  than  our  inherent  tendency  to  attempt  to  derive  the 
complex  from  the  simpler  forms  of  life. 

The  outward  semblance  of  the  protoplastid  body  to  the 
metaplastid  cell  is  the  somewhat  insecure  footing  on  which 
the  cell  theory  set  out  to  work  its  way  into  the  complete  as¬ 
cendency  it  enjoys  to-day,  and  unless  some  of  our  most  funda¬ 
mental  conceptions  of  the  relationships  between  living  forms 
are  a  delusion  and  a  snare,  there  must  exist  somewhere  be¬ 
neath  this  outward  semblance,  a  real  community  of  structure 
which  it  is  not  unreasonable  to  expect  that  our  enormously 
improved  methods  of  investigation  will  suffice  to  show.  In 
reality  so  much  that  is  entirely  new  and  strange  has  been 
lately  added  to  our  knowledge  of  the  structure  and  life  his¬ 
tory  of  the  protoplastids,  and  to  the  nature  of  the  cyclical  evo¬ 
lutions  among  the  metaplastid  cells,  that  it  is  by  no  means 
easy  to  say  off-hand  whether  the  cell  theory  has  been  weak¬ 
ened  or  supported  by  it  all.  The  value  of  recent  work  in 
this  direction  may  be  perhaps  best  tested  by  the  solutions  it 
can  be  made  to  offer  of  the  two  great  problems  which  have 
hitherto  confronted  the.  inquirers  into  the  relation  of  the 
protoplastid  body  to  the  metaplastid  cell,  and  these  pro¬ 
blems  may  be  stated  thus  : — 

1.  There  are  forms  of  protoplastid  which  correspond  in 
gross  to  the  components  of  a  metaplastid  cell.  Is  the 
nuclear  element  in  the  former  equivalent  to  the  nuclear 
element  in  the  latter  ? 

2.  The  conjugating  Infusoria,  during  their  multiplication, 
go  through  a  cyclical  metamorphosis,  and  return  at  length 
to  forms  similar  to  those  from  which  they  started.  Is  there 
any  evolution  comparable  to  this  in  the  successive  develop¬ 
ment  of  metaplastid  cells  ? 

I  shall  discuss  the  bearing  of  recent  work  on  these  two 
questions  in  succession.  As  is  well  known,  the  nuclear 
element  in  many  Rhizopods  is  a  large  round  body,  having 
about  the  same  dimensions,  relatively  to  the  whole  animal, 
that  the  nucleus  of  a  metaplastid  bears  to  the  cell  in  which 
it  is  contained.  According  to  the  work  of  Gruber  (i)  and 
others,  the  nucleus  in  Amoeba  may  become  divided  up  into 
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a  great  number  of  daughter  nuclei,  the  exact  fate  of  which 
has  not  been  ascertained  ;  but  the  process  of  the  successive 
multiplication  of  these  nuclei  appears  to  be  carried  on  in  a 
similar  manner  to  the  normal  karyokinetic  division  of  the 
nuclei  in  metaplastid  cells  (fig.  31).  In  Actinospherium 
Eichhornu  the  vesiculate  resting  nuclei  (fig.  1)  develop 
chromosomes  or  separate  chromatic  elements,  and  then  go 
through  the  regular  course  of  karyokinesis  represented  in 
figs.  2-6. 

In  the  Rhizopod  Arcella  Gruber  (2)  represents  the  great 
nucleus  dividing  up  in  a  typically  mitotic  fashion  (figs.  29, 
30),  and  during  the  fissiparous  bipartition  of  Euglypha  alveo¬ 
la  ta,  Schewiakoff  (3)  has  shown  that  karyokinesis,  with  its 
complement  of  chromosomes,  spindle,  and  even  centrosomes, 
is  carried  out  in  full  (figs.  27-28). 

Last,  but  not  least,  it  is  known  that  the  great  nucleus 
of  many  Rhizopods  may  increase  by  akinesis  in  the  strictest 
sense  ol  the  term  ;  and  the  nucleus  of  the  Rhizopods  (fig. 
32)  appears  thus,  even  in  the  metamorphoses  which  it  may 
undergo,  to  be  strictly  comparable  to  that  of  the  metaplastid 
cells. 

In  the  great  majority  of  Infusoria,  both  ciliate  and  flagel¬ 
late,  the  nuclear  structures  appear  at  first  sight  to  be  radi¬ 
cally  unlike  those  obtaining  among  metaplastid  cells,  because 
in  these  forms  of  protoplastids  there  are  two  kinds  of  nuclei, 
which,  when  they  are  fully  formed,  differ  entirely  from  each 
other.  The  Macro — or  larger  of  these  two  kinds  of  nuclei, 
multiply  by  a  process  practically  equivalent  to  akinesis  ; 
while  the  Micro — Micro-nuclei  pass  through  all  the  normal 
karyokinetic  phases.  It  has  been  shown,  however,  by 
Maupas  (4),  R.  Hertwig  (5)  and  others,  that  the  macro¬ 
nuclei  of  the  Ciliate  Infusoria  arise  periodically  from 
more  or  fewer  of  the  nuclei  produced  by  karyokinetic 
division  from  the  micro-nucleus ;  the  elements  which 
form  the  macro-nuclei  being  indistinguishable  from  those 
which  persist  as  micro-nuclei  when  they  are  freshly  formed. 
It  consequently  follows  that  the  Ciliated  Infusoria  are  to 
be  regarded  as  multi-nucleate  protoplastids,  in  which 
some  of  the  nuclear  elements  have  become  structurally 
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changed.  Thus  the  nuclear  elements  among  the  proto- 
plastids  multiply  generally  by  karyokinesis,  like  the  nuclear 
elements  in  metaplastid  cells,  and  when  this  process  is 
departed  from,  it  varies  in  both  proto-  and  meta-plastids 
towards  akinesis  in  a  similar  way. 

Now,  when  we  consider  the  great  complexity  of  the 
karyokinetic  process,  the  long  succession  of  complex 
structural  changes  by  which  it  is  brought  about,  and  find 
that  the  same  set  of  changes  are  gone  through  in  the  same 
order,  during  the  division  of  nuclear  elements  as  widely 
separated  in  the  organic  series  as  that  of  a  Englypha,  and 
of  the  somatic  cell  of  a  Mammal,  we  are  forced  to  the  con¬ 
clusion  that  the  two  series  of  phenomena  have  originated 
in  common.  It  is  inconceivable  that  two  such  long 
structural  metamorphoses,  corresponding  throughout  their 
whole  cycle,  should  have  been  evolved  independently 
at  different  times,  and  I  see  no  escape  from  the 
conclusion  that  both  the  proto-  and  the  metaplastid 
nuclei  are  structures  which  have  had  a  common  ancestry 
in  the  past.  Further,  as  the  relation  of  the  nucleus 
to  the  cytoplasm  of  a  Euglypha ,  or  other  protoplastid, 
differs  in  no  way  from  that  of  the  nucleus  to  the  cytoplasm 
in  a  metaplastid  cell,  I  accept,  because  I  see  no  means  of 
controverting  it,  the  proposition  that  a  protoplastid  body  is 
the  morphological  equivalent  of  a  metaplastid  cell. 

With  respect  to  the  second  problem,  concerning  the 
relation  of  the  life  cycle  of  the  protoplastid  to  metaplastid 
development,  the  ascertained  existence  of  conjugation 
among  both  ciliate  and  flagellate  Infusoria  is  a  factor  of 
supreme  importance,  because  it  affords  a  common  starting 
point,  from  which  to  compare  the  life  cycle  of  the  one  and 
the  individual  development  of  the  other.  But  before  it  is 
possible  to  regard  the  act  of  fertilisation  in  the  proto-  and 
meta-plastid  in  this  light,  it  is  necessary  to  be  quite  sure  that 
the  conjugation  in  the  protoplastid  is  really  a  similar  process  to 
that  occurring  between  the  reproductive  cells  of  higher  forms. 

It  is  well  known  that  conjugation  or  fertilisation  among 
the  higher  animals  consists  not  so  much  in  the  fusion  of 
two  cells  as  in  the  fusion  of  certain  cellular  constituents,  the 
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chief  among  which  appear  to  be  the  nuclei.  Now,  in  the 
Ciliate  Infusoria  it  has  been  shown  by  the  elaborate  investi- 
gations  of  Maupas,  and  by  the  less  complete,  but  in  the 
main  confirmatory  work  of  R.  Hertwig,  that  the  primary 
object  effected  during  conjugation  of  two  individual  ciliates, 
is  the  transference  of  nuclear  elements  from  cell  to  cell,  the 
process  being  accomplished  in  the  following  way. 

Previous  to  conjugation,  the  body  of  a  Paramczcium 
contains,  as  I  have  said,  two  kinds  of  nuclear  elements — 
one  large  and  more  or  less  irregular,  the  other  more 
rounded  and  definite  in  form.  The  larger,  or  macro¬ 
nucleus,  remains  unchanged,  and  takes  no  part  in  the 
ensuing  transference,  but  the  smaller,  or  micro-nucleus, 
goes  through  some  extraordinary  evolutions  before  the 
conjugative  act  begins.  After  the  animals  become  applied 
together  the  micro-nuclei  enlarge,  and  then  elongate,  the 
chromatic  substance  streaming  to  the  broader  end  (fig.  7-8). 
Eventually  both  ends  of  the  micro-nucleus  become  pointed, 
and  the  micro-nucleus,  now  enormously  elongated,  bends 
round  upon  itself  in  the  manner  represented  in  fig.  10,  the 
chromatic  substance  being  massed  along  the  concave  side. 
After  a  time,  however,  it  again  becomes  rounded,  the 
chromatin  becoming  aggregated  into  an  equatorial  plate  of 
slender  chromosomes,  and  the  usual  karyokinetic  phases 
are  gone  through  in  succession.  This  division  of  the 
micro-nucleus  is  followed  by  another,  so  that  there  are 
eventually  four  daughter  micro-nuclei  in  each  conjugate,  as 
the  applied  animals  are  called  (figs.  11-14).  Three  out  of 
these  four  daughter  nuclei  degenerate  and  disappear,  and 
the  one  which  remains  in  each  is  that  which  happens  to  be 
nearest  to  the  oral  aperture.  These  two  remaining  nuclei 
now  divide  again,  and  the  resulting  nuclei  remain  connected 
with  one  another  with  long  filamentous  strands  (fig.  16), 
strangely  similar  to  the  connecting  spindle  filament  I  have 
elsewhere  described  in  the  divisions  of  sperm-mother  cells 
of  the  Cartilaginous  Fishes.  In  each  conjugate  one  of 
the  daughter  nuclei  remains  nearer  the  oral  aperture 
than  the  other  (fig.  16),  and  these  two  nearer  ones  approxi¬ 
mate  more  closely,  and  come  eventually  to  lie  together 
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in  an  intervening  space  (fig.  17).  At  the  same  time 
the  filaments  connecting  the  daughter  nuclei  of  each 
animal  disappear,  and  each  of  the  two  approximated  nuclei 
passes  from  its  parental  animal  into  the  other  conjugate. 
In  this  way  there  are  still  two  micro-nuclei  in  each  con¬ 
jugate,  but  one  of  them  is  indigenous  to  the  animal  in 
which  it  lies,  while  the  other  is  derived  from  the  opposite 
conjugating  individual.  The  two  micro-nuclei  in  either 
animal  at  first  lie  closely  side  by  side  (fig.  18),  but  eventu¬ 
ally  their  investing  membranes  coalesce,  and  they  fuse 
gradually  together  (figs.  18,  19).  The  process  of  conjuga¬ 
tion  is  now  complete,  and  there  is  one  micro-nucleus  in  each 
conjugate,  as  represented  in  fig.  19. 

Thus  the  essential  process  in  the  long  metamorphosis 
is  a  transference  of  one  micro-nucleus  from  each  indi¬ 
vidual  to  the  other,  and  the  fusion  of  each  of  these  trans¬ 
ferred  corpuscles  with  that  which  remains  in  its  parental 
cell.  The  compound  micro-nuclei  thus  produced  are 
obviously  similar  to  the  nuclei  of  the  fertilised  ova  in  the 
higher  animals  and  plants,  and  it  is  evident  that  the 
fertilisation  process  of  the  ciliates  is  in  all  respects  identical 
with  that  obtaining  among  metaplastid  cells.  Thus  it  follows 
that  the  conjugation  period  among  the  Infusoria  can  be  used 
as  a  point  for  comparison  between  the  life  cycle  of  these 
animals  and  the  development  of  metaplastid  cells  ;  and  it  is 
possible  further  to  compare  the  succeeding  events  in  the 
Infusoria  with  the  early  developmental  phenomena  of  the 
higher  forms. 

After  the  separation  of  the  conjugates,  the  fertilised 
micro-nuclei  in  each  Paramcecium  divide  rapidly  three 
times  (figs.  20,  21,  22,  23),  in  such  a  way  that  of  the  eight 
residual  nuclei  four  lie  at  one  end  of  the  animal  and  four  at 
the  other  ;  and  these  nuclei,  remaining  some  time  connected 
with  one  another  in  pairs,  give  to  the  body  of  the  animal  the 
very  curious  appearance  represented  in  fig.  24. 

After  a  time  the  connections  between  these  two  groups 
disappear,  and  their  respective  characters — if  not  from  the 
first  inherently  different — become  subsequently  changed. 
Those  at  one  end  grow  large  and  macro-nuclear,  while  the 
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others  remain  micro-nuclear  in  character  (fig.  25).  Further, 
three  out  of  each  of  the  two  groups  of  four  nuclei  eventually 
degenerate  and  disappear  ;  and  consequently  the  two 
remaining  nuclei  have  the  character  of  a  micro-  and  a 
macro-nucleus  respectively.  Concomitantly  with  the  above 
changes  the  old  macro-nucleus  has  by  this  time  almost 
entirely  degenerated,  and  consequently  the  whole  nuclear 
apparatus  has  returned  again  into  the  condition  in  which  we 
found  it,  and  the  animal  is  ready  to  fissiparously  bipartate 
once  more. 

It  is  by  the  rapid  multiplication  of  individuals  produced 
as  described  above  that  the  familiar  and  intensely  active 
communities  of  paramecia  arise,  and  although  they  may 
be  supplied  with  endless  food  and  multiply  amazingly  for 
a  time,  it  appears,  according  to  Maupas,  that  their  fissi- 
parous  multiplication  has  its  limit.  After  this  has  been  passed 
the  communities  diminish  in  activity,  and  the  individuals 
composing  them  dwindle  down  in  size,  and  I  see  no  objection 
to  the  adoption  of  Maupas’  view  that  such  a  community  as 
a  whole  is  undergoing  senile  degeneration,  and  that  unless 
some  new  factor  is  introduced  into  the  life  cycle,  it  runs 
the  risk  of  becoming  eventually  “ sans  everything”. 
This  factor  consists  in  the  periodic  occurrence  of  con¬ 
jugation  in  the  manner  I  have  just  described  :  and  it  may  take 
place  either  among  individuals  of  the  same,  or,  still  better, 
between  those  of  more  or  less  remote  communities,  resulting 
in  the  rejuvenescence  of  the  individuals  which  undergo 
it,  and  the  completion  of  the  infusorian  life  cycle. 

Now  in  answer  to  the  final  question  as  to  the  relation 
between  the  cyclical  evolutions  of  the  protoplastids,  and 
the  successional  formation  of  new  cells  in  the  development 
of  metaplastid  forms,  it  is  well  known  that  development 
in  the  latter  proceeds,  in  the  majority  of  cases,  from  a 
single  fertilised  ovum  (which,  as  we  have  seen,  is  structur¬ 
ally  identical  with  the  body  of  a  ciliate  or  other  protoplastid, 
after  conjugation  has  occurred),  and  it  is  carried  on  by  the 
successive  development  and  arrangement  of  cells  which  are 
also  equivalent  to  the  multitude  of  organisms  produced  by 
the  successive  bipartitions  of  a  protoplastid  form.  Lastly,  both 
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the  fissiparous  bipartitions  of  the  protoplastids,  and  the  suc¬ 
cessive  cellular  divisions  in  the  developing  metaplastid 
embryo,  are  brought  about  by  complex  nuclear  metamor¬ 
phoses  in  a  similar  way.  Roughly  speaking,  therefore,  and 
with  certain  reservations,  of  which  I  shall  speak  immediately, 
there  appears  to  be  an  essential  similarity  between  the  pro¬ 
cess  of  cellular  multiplication,  by  which  the  single  complex 
individuality  of  a  metaplastid  is  built  up,  and  the  fissiparous 
multiplication  of  independent  protoplastid  organisms.  In 
the  little  green  plant  Pandorina ,  the  fertilised  ovum  gives 
rise,  by  division,  to  three  or  four  separate  cells  or  proto¬ 
plastid  individuals,  which,  in  turn,  produce  each  sixteen 
daughter  elements,  and  these  do  not  separate  from  one 
another,  but  remain  compounded  into  distinct  metaplastid 
individuals  with  sixteen  cells.  After  further  multiplication 
of  the  cells  of  each  of  these  individuals,  the  whole  of  the 
histological  elements  produced,  separate  from  one  another, 
and  assume  once  more  the  form  of  true  flagellate  proto¬ 
plastids,  among  which  conjugation  may  occur,  and  the  whole 
process  is  repeated. 

Thus  the  development  of  a  form  like  Pandorina  is  a 
process  similar  in  its  fundamental  features  to  the  life  cycle  of 
the  protoplastid  forms,  and  although,  during  the  evolution, 
certain  new  characters  are  added  to  the  fundamental  and 
similar  groundwork,  by  the  formation  of  three  or  four 
metaplastid  individuals,  these  apparently  new  characters  may 
in  reality  be  nothing  more  than  a  modification  of  the  correla¬ 
tion  existing  among  the  individuals  of  a  colony  of  proto¬ 
plasts.  Further,  in  a  case  like  Pandorina ,  every  cell  of 
which  the  metaplastid  is  composed  can,  and  usually  does, 
give  rise  to  more  or  fewer  flagellate  individuals,  which  after 
conjugation  repeat  the  life  cycle  over  again  ;  but  in  many 
of  the  higher  plants,  and  in  all  the  metozoa,  this  capacity 
of  every  histological  element  to  reproduce  the  parent  species 
has  been  lost,  and  in  most  cases  the  faculty  or  power 
of  the  vast  majority  of  the  cells  composing  a  metaplastid 
body,  to  return  even  to  a  flagellate  or  protoplastid  form 
like  the  conjugating  gametes  of  algae  has  vanished  also. 
1  he  relegation  of  this  power  to  certain  tracts  or  repro- 
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ductive  centres,  may  be  viewed  either  as  the  cause  or  the 
consequence  of  the  production  of  a  highly  specialised 
soma,  somewhere  along  the  life  cycle,  a  soma  which  can 
be  cast  off  and  perish,  so  long  as  the  original  cyclical 
character  of  the  metamorphoses  in  some  elements  of 
the  organism  is  retained.  It  is  shown,  however,  from 
the  study  of  plants,  that  the  development  of  the  soma 
which  constitutes  their  metaplastid  individuality,  may  occur 
at  different  points  anywhere  along  the  course  of  the 
original  life  cycle ;  thus  the  soma  which  constitutes  the 
ordinary  fern  plant  is  serially  homologous  with  the  plant 
or  individual  of  a  lily,  but  in  the  life  cycle  of  a  lily,  after 
the  formation  of  the  sexual  cells  there  is  a  limited  develop¬ 
mental  period,  the  elements  produced  in  which  correspond 
to  those  which  build  up  the  soma  or  plant  of  a  fern  pro¬ 
thallium  and  vice  versa.  Moreover,  in  some  cases,  as  in  the 
ferns,  more  than  one  portion  of  the  life  cycle  can  be 
developed  into  a  metaplastid  plant,  and  the  individuals  thus 
arising  may  be  told  off  to  perform  different  functions 
in  the  economy  of  the  whole  cycle,  and  by  their 
successional  development,  constitute  the  alternation  of 
sexual  and  asexual  generations.  At  the  same  time,  as 
Huxley  (6)  pointed  out  years  ago,  when  treating  of  the 
analogous  phenomena  presented  by  the  various  forms  of 
Salps,  “It  cannot  be  too  carefully  borne  in  mind  that 
zoological  individuality  is  very  different  from  metaphysical 
individuality,  and  that  the  whole  question  of  the  propriety 
of  the  ‘  Alternation  theory,’  as  a  means  of  colligating  the 
facts  (for  at  best  it  can  be  nothing  more),  turns  upon  the 
nature  and  amount  of  this  difference  ”. 

“  If  the  true  definition  of  the  zoological  individual  be 
(as  the  writer  believes  it  to  be)  the  sum  of  the  phenomena 
successively  manifested  by,  and  proceeding  from,  a  single 
ovum,  whether  these  phenomena  be  invariably  collected  in 
one  point  of  space  or  distributed  over  many,  then  there  is 
no  essential  difference  between  the  reproductive  process  in 
the  higher  and  lower  animals,  and  the  alternation  theory 
becomes  unnecessary.” 

From  all  this,  it  would  appear  then,  that  the  formation 
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of  the  protoplastic!  colonies,  and  the  development  of  meta- 
plastid  individuals,  are  in  their  gross  analysis,  homologous 
processes;  but  when  we  try  to  push  the  comparison  between 
them  farther,  when  we  try  to  ascertain  which  part  of  the 
protoplastid  life  cycle  corresponds  to  any  particular  sexual 
or  asexual  generation  in  a  metaplastid,  it  is  obvious  that 
without  more  data  to  go  upon  the  attempt  must  fail,  be¬ 
cause  between  the  acts  of  conjugation  in  both  cases  we 
have  no  fixed  points  from  which  to  reckon.  It  is,  for 
example,  apparently  impossible  to  say  at  present  whether, 
at  some  point  in  the  life  cycle  of  a  colony  of  Paramcecia, 
changes  corresponding  to  the  alternation  of  sexual  and 
asexual  generations  of  the  metaplastids  pass  over  all  the 
members  of  the  colony  or  not. 

For  some  time,  however,  it  has  been  known  that  among 
the  higher  plants  the  change  from  the  sexual  to  the  asexual 
generation  is  accompanied  by  profound  changes  in  the 
characters  of  the  cells  composing  them.  Indeed,  some  such 
state  of  things  might  have  been  anticipated,  from  the  fact 
that  the  number  of  the  chromosomes  in  the  nuclei  of 
the  cells  of  any  particular  species  is  definite  and  fixed. 
And  since  the  act  of  conjugation  consists  in  the  fusion 
of  two  nuclei,  it  follows  that  this  fixed  specific  number 
of  the  chromosomes  must  be  doubled  every  time  that  con¬ 
jugation  occurs,  or  else  the  number  of  the  chromosomes 
characteristic  of  the  species  must  be  periodically  halved. 

The  latter  of  these  two  processes  has  been  found  to 
actually  occur,  but  the  manner  of  its  occurrence  has  been, 
and  still  is,  matter  for  the  most  profound  dissent  among 
zoologists  and  botanists  alike.  Botanical  observers  are, 
however,  practically  agreed  to-day  that,  in  spite  of  the 
repeated  assertions  of  Weismann  and  his  pupils  to  the 
contrary,  the  halving  of  the  number  of  the  chromosomes  is 
not  brought  about  by  the  extrusion  of  any  nuclear  elements 
at  all,  but  occurs  during  the  resting  condition  of  the  nuclei, 
the  reduced  number  of  the  chromosomes  simply  appearing 
in  the  initial  phases  of  the  next  division.  In  unison  with 
this,  Boveri  found  that  in  certain  ovogeneses  the  number 
of  the  chromosomes  was  neither  reduced  in  the  divisions 
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which  led  up  to  the  formation  of  the  ovocytes,  nor  among 
those  by  which  the  polar  bodies  were  extruded  from  these 
ovocytes,  but  that  there  were  only  half  as  many  chromosomes 
present  in  these  last  divisions  of  the  ovocytes  as  in  the 
divisions  before  the  first  ovocyte  was  formed.  Therefore  the 
reduction  must  have  taken  place  as  in  plants,  during  the 
rest  following  the  division  by  which  the  first  ovocyte  was 
formed.  Brauer  (7)  came  to  similar  conclusions,  both  with 
respect  to  the  ovogenesis  of  Bronchipus ,  and  the  spermato¬ 
genesis  of  Ascaris,  and  I  have  myself  shown  in  a  variety  of 
Mammals  and  Elasmobranchs,  that  the  reduction  of  the 
number  of  the  chromosomes  takes  place  in  resting  cells, 
one  or  two  generations  before  the  formation  of  the  sperma¬ 
tozoa,  as  the  case  may  be.  Moreover,  the  long  series  of 
structural  changes  in  the  resting  nuclei,  which  lead  up  to 
the  formation  of  the  reduced  number  of  chromosomes,  and 
which  I  have  termed  collectively  the  synapsis ,  as  well  as 
the  character  of  the  chromosomes  themselves,  are  so  com¬ 
plex  and  peculiar  as  to  leave  no  doubt  that  the  halving  of 
the  number  of  the  chromosomes,  or  synapsis,  among  all 
those  animals  which  possess  it,  must  have  had  a  common 
origin  in  the  past.  Further,  it  has  been  shown  by  Farmer 
(7)  that  the  structural  details  accompanying  the  synapsis 
among  lilies,  and  more  especially  those  of  the  chromosomes 
in  the  division  immediately  succeeding  it,  are  extraordinarily 
similar  to  those  existing  at  a  corresponding  period  in  the 
evolution  of  the  reproductive  cells  of  animal  forms.  These 
similarities  constitute  a  fair  basis  for  the  assumption  that  the 
process  may  have  been  inaugurated  before  the  animal  and 
vegetable  ancestry  went  apart,  and  has  existed  ever  since. 

We  have  then  something  actually  before  us  which, 
in  favouring  the  assumption  of  a  common  origin  of  the 
sexuality  in  animals  and  plants,  actually  invades  the  terri¬ 
tory  of  the  protoplastids  themselves,  because  there  are 
among  these  simple  organisms  forms  which  are  as  truly 
vegetable  in  their  affinities,  as  there  are  others  which  are 
animal  in  theirs  ;  and  the  synapsis,  which  appears  to  be 
common  to  both  animals  and  plants,  must  have  originated 
somewhere  far  back  in  the  protoplastid  ancestry. 
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It  follows  thus,  that  if  the  inferences  I  have  drawn  from 
these  indisputable  facts  of  histology  are  correct,  that  the 
synapsis  should,  and  probably  will,  be  found  somewhere 
in  the  infusorial  life  cycle  of  to-day.  Unfortunately  the 
character  of  the  nuclei  of  the  Infusoria,  the  lack  of  the 
appreciation  of  the  importance  of  such  phenomena  as  I  have 
just  described,  and  more  than  anything,  the  Weismannistic 
conception  of  animal  reduction,  based  as  it  is  on  O.  Hertwig’s 
erroneous  observations,  have  hitherto  left  us  in  the  dark 
concerning  the  existence  or  the  non-existence  of  a  synapsis 
in  these  forms.  I  have  no  doubt  that  with  the  modern 
methods  of  observation,  we  shall  be  able  some  day  to  pro¬ 
nounce  definitely  on  the  matter,  and  the  knowledge,  when 
it  does  come,  will  throw  a  most  important  light  on  future 
biological  research. 
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THE  PATHOLOGICAL  RESULTS  OL  THE 
ROYAL  COMMISSION  ON  TUBERCULOSIS. 


UBERCULOSIS  is  a  disease  which  has  been  the 


X  subject  of  study  from  time  immemorial,  but  it  may  be 
said  that  the  first  glimpse  into  the  true  nature  of  the  disease 
was  obtained  when  it  was  shown  to  be  an  infective  disorder 
by  Villemin,  and  the  study  of  its  nature  and  mode  of 
infection  first  received  a  scientific  basis  through  the 
discovery  by  Koch  in  1882  of  the  infective  agent  :  the 
bacillus  tuberculosis.  Lor  many  years  the  study  of  the 
disease  was  limited  to  its  anatomical  characteristics,  both 
to  the  naked  eye  and  to  the  microscope,  with  the  result  of 
causing  great  confusion  in  the  conception  of  what  tuberculosis 
really  was.  Indeed  the  large  number  of  theories  which  were 
prevalent  before  the  discovery  of  the  bacillus  as  to  what 
constituted  the  specific  character  of  the  tuberculous  lesion 
produced  nothing  but  chaos.  The  study  of  the  anatomy  of 
the  disease,  both  as  regards  its  histological  nature  and  the 
distribution  of  the  lesions  in  man  and  animals,  the  subject  of 
natural  tuberculosis,  is,  however,  of  great  importance,  and 
was  the  foundation  of  our  clinical  knowledge  of  the  disease. 
But  such  a  study  is  very  vague  and  leads  to  erroneous  conclu 
sions  unless  the  mode  of  origin  of  the  disease  is  also  investi¬ 
gated.  The  study  of  infective  diseases  has  this  important 
advantage,  viz.,  that  once  the  infective  agent  is  known,  the 
mode  of  origin,  the  channels  of  infection,  and  the  spread  of 

the  disease  in  the  different  stages  can  be  studied  experi- 
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mentally  in  susceptible  animals.  Any  one  who  has  engaged 
in  the  regular  performance  of  post-mortem  examinations  of 
either  men  or  cattle  who  have  died  of  natural  tuberculosis 
must  be  aware  of  the  difficulties  surrounding  an  explanation 
of  the  mode  in  which  the  disease  has  originated.  In 
anthrax  occurring  in  the  human  being  the  mode  of  infection 
is,  as  a  rule,  evident  in  the  local  lesion  produced  at  the  seat 
of  inoculation.  In  diphtheria  and  tetanus  the  site  of 
infection  is  also  evident;  in  the  former  by  the  false  membrane 
which  is  formed  by  the  growth  of  the  bacillus  ;  in  the  latter, 
in  the  majority  of  cases,  by  the  wound  which  precedes  the 
development  of  the  disease.  These  three  diseases  are  acute. 
They  differ  from  one  another  in  the  fact  that,  whereas  in 
anthrax  the  bacillus  invades  the  tissues  and  organs  of  the 
body,  in  diphtheria  and  tetanus  it  is  localised  to  the  seat  of 
infection,  and  the  symptoms  and  effects  of  the  disease  result 
chiefly  in  the  absorption  of  the  chemical  products  of  the 
bacillus  from  the  seat  of  infection.  In  tuberculosis,  on  the 
other  hand,  we  have  a  chronic  disease  which  may  become 
localised,  or  may  spread  to  different  tissues  and  organs  of 
the  body,  the  lesions  produced  in  the  different  parts  being 
characterised  by  the  growth  of  the  bacillus  at  the  particular 
spot.  Although  tuberculosis,  therefore,  may  become  a 
generalised  disease,  the  infective  agent  is  not  present  in  the 
blood  or  fluids  bathing  the  tissues,  except  as  an  exceptional 
occurrence. 

The  mode  of  infection  in  tuberculosis  becomes  from 
these  considerations  a  very  important  study.  In  many 
instances  it  cannot,  as  has  been  already  stated,  be  satisfac¬ 
torily  made  out  from  a  post-mortem  examination  of  human 
beings  dying  from  the  disease,  inasmuch  as  frequently  at 
death  the  channel  of  infection  is  obscured  by  the  presence  of 
very  extensive  tuberculosis.  Indeed  it  may  be  said  that  a 
large  collection  of  cases  of  post-mortem  examinations  of 
tuberculosis  in  man,  recorded  with  care  from  the  point  of 
view  of  the  channel  of  infection,  is  entirely  wanting.  Con¬ 
siderable  light  is  thrown  on  natural  tuberculosis  by  the 
results  obtained  from  experiment. 

The  channels  by  which  infection  occurs  in  tuberculosis, 
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together  with  the  distribution  of  the  lesions  at  varying  dates 
after  infection,  will  form  the  subject  of  the  present  article. 

d  he  two  great  channels  by  which  infection  occurs  are 
provided  in  the  respiratory  and  the  alimentary  tracts.  In 
many  cases  of  the  natural  disease  the  results  of  a  post¬ 
mortem  examination  show  that  one  or  other  mode  of 
infection  has  occurred,  A  hus  in  the  ordinary  cases  of 

chronic  pulmonary  tuberculosis,  the  stages  of  the  disease _ - 

old  at  the  apex,  more  recent  in  the  lower  parts  of  the  lungs, 
with  the  absence  or  scarcity  of  tuberculous  lesions  elsewhere 
— show  that  the  mode  of  infection  has  been  by  means  of 
the  lungs.  Also,  where  there  is  primary  tuberculosis  of  the 
intestines  or  peritoneum  and  a  second  more  recent  tuber¬ 
culosis  of  other  parts  of  the  body,  it  is  evident  that  infection 
has  taken  place  by  means  of  the  intestinal  tract.  But  there 
are  very  numerous  cases  of  tuberculosis  which  are  by  no 
means  so  simple  as  this  ;  there  are,  for  example,  cases  in 
which  both  lungs  and  intestines  are  affected  ;  where  there 
is  no  lesion  in  the  lungs  or  intestines,  that  is,  at  the  site  of 
infection  ;  and,  thirdly,  where  the  local  lesion  at  the  site  of 
infection  is  out  of  all  proportion  to  the  tuberculosis  which 
subsequently  develops.  It  is  on  these  two  last  points  that  I 
would  lay  special  stress,  namely,  the  absence  of  the  local 
lesion  at  the  site  of  infection  and  the  disproportion  between 
the  tuberculosis  of  the  body  and  the  size  of  the  local 
lesion. 

The  importance  of  these  two  points  is  brought  out  by  the 
results  obtained  in  the  experiments  made  for  the  Royal 
Commission  on  Tuberculosis. 

In  experimental  tuberculosis  (and  indeed  in  natural  tuber¬ 
culosis)  the  severity  of  the  disease — that  is,  its  acuteness 
and  its  generalisation — depends  on  three  factors  :  the  dose  of 
the  virus,  the  vital  activity  of  the  bacilli  in  the  infective 
material  used,  and  the  resistance  or  refractoriness  of  the 
animal  used  for  experiment.  The  last  point  is  one  which 
is  controllable  by  experiment,  inasmuch  as  if  an  animal 
susceptible  to  the  disease  is  chosen  for  experiment,  and  the 
results  compared  with  those  obtained  in  more  refractory 
animals,  the  resistance  to  the  disease  can  be  estimated  with 
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a  degree  of  exactitude  which  is  quite  impossible  in  man.  In 
the  experiments  of  which  I  shall  speak  three  classes  of 
animals  were  used  :  guinea-pigs,  pigs  and  calves.  Guinea- 
pigs  are  extremely  susceptible  to  the  disease,  which  in  them 
never  undergoes  the  more  advanced  retrogressive  changes, 

o  o  7 

such  as  the  extensive  fibrosis  and  calcification  which  are 
observed  in  men  and  cattle.  A  small  dose  is  sufficient  to 
infect,  and  the  disease  progresses  under  certain  circumstances 
until  all  the  glands  and  organs  of  the  body  are  affected. 
Pigs  and  calves  vary  somewhat  in  their  resistance  to  the 
disease,  according  to  the  breed. 

It  is  difficult  in  any  tuberculous  material  obtained  from 
cattle  to  estimate  the  varying  activity  of  the  bacillus  present, 
but  for  several  reasons  which  will  be  adduced,  in  the  experi¬ 
ments  with  meat  and  milk  which  will  be  discussed,  the  activity 
of  the  bacillus  is  not  a  point  which  can  be  considered  as  of 
great  importance,  inasmuch  as  the  effect  produced  appeared 
to  be  proportionate  to  the  dose  given.  In  acute  specific  dis¬ 
eases  the  dose  of  the  virus  bears  some  relation  to  the  severity 
of  the  disease  ;  this  is  much  more  so,  however,  in  chronic 
tuberculosis,  where,  owing  to  the  slow  formation  of  the 
lesions,  the  more  bacilli  present  the  more  lesions  result. 
For  this  and  other  reasons  which  are  more  fully  discussed 
in  the  report  of  the  experiments,  the  varying  effect  which 
will  be  described  in  experiments  with  meat  and  milk,  is 
more  a  question  of  dose  than  of  any  other  factor,  so  that 
virulence  of  the  virus  in  these  experiments  is  practically 
equivalent  to  a  large  dose  ;  non-virulence,  to  a  small  dose. 

The  infective  material  which  was  used  in  experiments 
was  bovine  tuberculous  material,  obtained  from  the  organs  of 
tuberculous  cattle;  sputum  from  cases  of  human  tuberculosis  ; 
and  meat  and  milk  from  tuberculous  cattle.  As  regards 
meat,  it  may  be  said  that  the  experiments  showed  that  its 
infectivity  depended  not  so  much  on  the  presence  of  tuber¬ 
culous  lesions  in  the  muscular  tissue  as  on  the  contamination 
of  the  meat  during  its  removal  from  the  carcase,  so  that  the 
infectivity  of  the  meat  was  sometimes  great  and  sometimes 
slight,  being  dependent  on  the  amount  of  smeary  tuberculous 
material  which  accidentally  contaminated  it.  Milk  was 
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found  infective  only  when  the  udder  was  the  seat  of  tuber¬ 
culosis,  and  was  highly  infective  in  those  cases  in  which 
tubercle  bacilli  were  readily  discoverable  by  microscopical 
examination,  but  was  less  infective  when  the  bacilli  were 
with  difficulty  found,  or  were  not  found  at  all,  although  the 
results  of  experiment  showed  that  they  were  present. 

II  a  large  dose  of  tuberculous  material,  bovine  or  human, 
is  introduced  under  the  skin  of  the  groin  of  the  guinea-pig, 
a  local  lesion  is  produced  in  from  seven  to  ten  days,  and  a 
subsequent  infection  of  the  inguinal  glands  occurs  ;  in  four¬ 
teen  to  twenty  days  an  affection  of  the  lumbar  and  cceliac 
glands,  followed  by  a  spread  of  the  disease  to  the  posterior 
mediastinal  and  bronchial  glands,  and  to  the  lungs  ;  this 
occurs  in  about  the  fourth  or  fifth  week.  Subsequently  the 
cervical  glands,  the  anterior  mediastinal,  and  even  the 
mesenteric  glands  may  be  affected  ;  while  the  liver  and 
spleen  are  affected  in  about  the  same  time  as  the  coeliac 
glands,  that  is,  in  about  three  weeks.  There  is,  therefore, 
after  inoculation  in  the  guinea-pig,  a  gradual  spread  of  the 
disease  along  the  lymphatic  channels  ;  from  inoculation,  a 
local  lesion  of  the  mucous  membrane  of  the  intestine  never 
results.  This  rapid  spread  of  the  disease  is,  however,  not 
seen  in  some  cases  of  inoculation  with  meat  and  milk,  in 
which  the  infectivity  is  slight.  In  these  cases — several  of 
which  were  observed — even  when  the  animal  was  inoculated 
in  both  groins,  tuberculosis  developed  on  one  side  only  ; 
also  in  some  instances  the  disease  remained  quite  localised. 
In  one  guinea-pig,  for  example,  inoculated  in  each  groin 
with  meat,  and  dying  in  sixty-two  days,  the  right  inguinal 
region  was  normal,  but  in  the  left  inguinal  region  a  small 
scar  was  found  inside  the  nipple,  which,  on  microscopical 
examination,  showed  a  structure  closely  resembling  that  of 
lupus,  and  the  presence  of  a  small  number  of  tubercle 
bacilli.  No  other  gland  or  organ  of  the  body  was  affected 
by  the  disease.  Similar  localisation  of  the  disease  to  the 
inguinal  region  was  found  in  three  other  experiments  in 
rabbits  inoculated  with  meat  or  meat  juice  and  killed  in  66, 
85,  and  120  days  after  inoculation.  The  lesions  were  tuber¬ 
cular,  as  shown  by  their  structure  and  the  presence  of 
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tubercle  bacilli,  and  the  localisation  of  the  disease  must 
be  ascribed  to  the  smallness  of  the  dose  given,  inasmuch  as 
in  some  of  the  other  animals  inoculated  with  material  from 
the  same  source  a  spread  of  the  disease  was  exhibited.  It 
is  evident  from  'this  that  the  localisation  of  the  tuberculous 
lesion  to  the  seat  of  infection  may  be  due  to  the  smallness 
of  the  dose,  and  not  solely  to  the  resistance  of  the  body  to 
the  invasion  of  the  bacillus  ;  or,  to  put  it  in  other  words,  the 
smallness  of  the  dose  enables  the  tissues  to  successfully 
localise  the  disease. 

Although  the  results  of  these  inoculation  experiments 
are  suggestive,  they  yield  in  interest  to  those  which  result 
from  feeding  with  tuberculous  material.  When  guinea-pigs 
are  fed  with  virulent  tuberculous  material  a  local  lesion  in 
the  intestines  or  caecum  is  always  developed,  and  a  sub¬ 
sequent  invasion  of  the  lymphatic  glands  in  connection  with 
the  caecum  and  intestine  occurs.  The  disease  then  spreads 
to  the  coeliaic  glands  and  to  the  liver  and  spleen,  and  sub¬ 
sequently  to  the  posterior  mediastinal  and  bronchial  glands 
and  to  the  lungs  ;  finally,  all  the  glands  in  the  body  may  be 
affected.  The  earliest  time  at  which  a  local  lesion  was 
discoverable  in  the  intestine  was  eighteen  days,  and  in 
about  six  to  eight  weeks  most. of  the  organs  of  the  body 
are  affected.  Here,  again,  in  the  guinea-pig  there  is 
evidence  of  the  spread  of  tuberculosis  along  the  lymphatic 
channels.  The  cases  in  guinea-pigs  in  which,  after  feeding, 
tuberculosis  tended  to  become  localised  were  those  in  which 
either  a  small  dose  of  virulent  milk  was  given  or  a  dose  of 
very  slightly  virulent  milk.  Thus,  four  guinea-pigs  were 
fed  during  the  course  of  two  days  with  200  c.c.  of  milk  which 
was  only  slightly  virulent ;  one  died  in  twenty-five  days, 
and  showed  no  tuberculosis  ;  the  second,  third  and  fourth 
died  respectively  in  forty-nine,  fifty-three,  and  sixty-seven 
days.  These  three  developed  tuberculosis  ;  but  the  disease 
was  present  in  the  intestines  and  mesenteric  glands  only  in 
the  first  two,  and  in  the  mesenteric  glands  only  in  the 
third.  In  forty-nine  days,  when  virulent  milk  was  given,  the 
disease  had  usually  extended  to  the  liver  and  spleen  and  the 
lymphatic  glands  of  the  body.  The  case  of  the  third  animal, 
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which  showed  no  local  lesion  of  the  intestine,  is  of  great 
interest,  as  showing  that  when  the  material  was  non-virulent 
the  bacilli  could  pass  through  the  mesenteric  glands  without 
producing  a  local  lesion.  This  point  is  further  emphasised 
by  the  experiments  on  pigs. 

Pigs  are  the  subject  of  natural  tuberculosis,  which  is,  in 
the  great  majority  of  instances,  due  to  the  eating  of  tuber¬ 
culous  material.  As  an  example  of  natural  tuberculosis  of 
a  severe  type  resulting  from  the  ingestion  of  tuberculous 
material  the  following  case  may  be  quoted.  There 
was  a  large  tuberculous  ulcer  of  the  right  tonsil  and 
tuberculosis  of  the  corresponding  lymphatic  gland  be¬ 
low  the  jaw  ;  this  was  connected  with  a  chain  of  tuber¬ 
culous  glands  on  the  right  side  of  the  neck.  There  were 
several  recent  tubercular  ulcers  in  the  caecum,  but  none  in 
the  intestines,  and  the  caecal  and  mesenteric  glands  were 
extensively  tuberculous.  The  coeliac  glands  were  also 
affected,  and  those  in  the  lesser  omentum ;  the  liver 
and  spleen  showed  caseous  tuberculosis.  The  posterior 
mediastinal  and  bronchial  glands  were  also  affected 
by  the  disease,  and  there  was  acute  caseous  miliary 
tuberculosis  of  the  lungs,  with  tuberculous  pleurisy  and 
effusion  of  clear  liquid  on  both  sides.  In  this  case  it  is 
evident  that  the  sites  of  infection  were  at  the  right  tonsil 
and  in  the  caecum.  In  the  pig  the  tonsils  are  frequently  a 
channel  of  infection  of  tuberculosis.  From  the  tonsil  the 
disease  spread  to  the  neighbouring  lymphatic  glands,  and 
down  the  chain  of  cervical  glands  to  the  glands  in  the 
thorax ;  thence  to  the  lungs,  and  from  the  caecum  the 
disease  spread  to  the  mesenteric  glands,  the  coeliac  and  the 
glands  of  the  lesser  omentum,  and  the  liver  and  spleen. 

As  far  as  could  be  judged,  this  pig  had  been  infected 
about  eighty  days  before  it  was  slaughtered. 

A  second  case  of  tuberculosis  in  the  pig,  resulting  from 
feeding  with  virulent  tuberculous  material,  may  be  quoted. 
A  healthy  pig  was  fed  with  120  grammes  of  bovine  tuber¬ 
culous  material,  and  was  killed  in  fifty-seven  days.  T  here 
was  found  one  tuberculous  ulcer  in  the  small  intestine, 
which  measured  one-quarter  of  an  inch  by  one-half.  Several 
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of  the  mesenteric  glands  were  affected,  and  from  these  the 
disease  spread  to  the  glands  of  the  lesser  omentum,  to  the 
liver  and  spleen,  to  the  posterior  mediastinal  glands,  and  finally 
to  the  lungs,  which  were  the  seat  of  caseating  miliary  tuber¬ 
culosis.  This  case  is  instructive,  inasmuch  as  it  reproduces, 
almost  exactly,  some  of  the  cases  of  feeding  tuberculosis 
occurring  naturally  in  human  beings.  The  local  lesion  of 
the  intestine  is  out  of  all  proportion  to  the  tuberculosis 
resulting  in  the  rest  of  the  body,  and  especially  in  the 
lungs.  In  children  such  cases  are  not  infrequently  seen, 
and  indeed  the  ulcer  in  the  intestine  may  heal,  or  the 
mesenteric  glands  become  calcareous,  so  that  unless  care¬ 
fully  examined  the  disease  may  appear  as  one  of  primary 
lung  tuberculosis. 

The  results  of  feeding  pigs  with  non-virulent  tuberculous 
material,  namely,  with  meat  and  milk,  may  now  be  con¬ 
sidered.  The  first  case  was  that  of  a  pig  fed  with  twelve 
litres  of  slightly  virulent  tuberculous  milk.  It  was  killed  in 
sixty-eight  days,  and  tuberculosis  of  the  mesenteric  glands 
alone  was  found.  There  was  no  local  lesion  in  any  part  of 
the  alimentary  tract,  and  no  affection  of  any  gland  or  organs 
other  than  the  mesenteric  glands. 

In  another  case  a  pig  was  fed  with  about  four  kilograms 
of  meat  from  a  tuberculous  cow,  and  was  killed  in  106  days. 
In  this  case  also  there  was  no  lesion  in  any  part  of  the 
alimentary  tract,  but  the  cceliac  glands  were  tuberculous,  as 
well  as  the  lymphatic  glands  on  the  right  side  below  the 
angle  of  the  jaw,  and  both  the  liver  and  spleen  showed 
scattered  nodules  of  caseous  tubercle.  All  the  other  organs 
and  glands  of  the  body  were  normal.  The  channels  of 
infection  in  this  case  were,  therefore,  through  the  right 
tonsil  into  the  neighbouring  lymphatic  gland  and  through 
the  upper  part  of  the  intestines  into  the  coeliac  glands,  from 
which  the  liver  and  spleen  were  affected. 

The  third  case  occurred  in  a  pig  fed  with  1 190  grams  of 
meat  from  a  tuberculous  cow.  It  was  killed  in  203  days, 
and,  as  in  the  other  two  cases,  there  was  no  local  lesion  in 
any  part  of  the  alimentary  tract.  The  coeliac  glands  and 
those  in  the  lesser  omentum  were  tuberculous,  as  well  as  the 
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posterior  mediastinal  and  the  bronchial  glands,  while  one 
epididymis  showed  a  tuberculous  nodule.  The  channel  of 
infection  here  was,  therefore,  through  the  upper  intestinal 
tract  into  the  coeliac  glands,  and  thence  to  the  posterior 
mediastinal  and  bronchial  glands,  while  the  interest  of  the 
result  depends  on  the  fact  that  a  part  of  the  body  (that  is 
the  epididymis)  far  removed  from  the  seat  of  infection 
became  tuberculous.  While,  therefore,  as  in  the  other 
cases,  the  part  first  affected  was  the  lymphatic  glands,  the 
affection  of  the  epididymis  can  only  be  ascribed  to  a  convey¬ 
ance  by  the  blood  stream  of  the  tubercular  virus. 

The  results  obtained  by  feeding  calves  with  tuberculous 
material  illustrate  some  of  the  important  points  in  the  dis¬ 
tribution  of  tuberculous  lesions  which  occur  in  the  human 
being.  In  the  calf  and  cow  the  intestinal  lesion  which 
results  from  feeding  with  tuberculous  material  frequently 
does  not  ulcerate,  caseous  nodules  being  formed  in  the 
Peyer’s  patches,  which  may  undergo  calcification,  or  may 
even  heal.  This  was  several  times  observed  in  natural 
tuberculosis  in  the  cow.  Ulceration  may  also  take  place. 
Pour  calves  were  fed  with  one  kilogram  of  bovine  tubercu¬ 
lous  material,  namely,  minced  lung,  lymphatic  gland  and 
udder,  all  extensively  diseased.  The  calves  fed  out  of  the 
same  trough  and  were  kept  in  the  same  shed.  The  first 
calf  was  killed  in  twenty-eight  days  and  showed  1 16  caseous 
nodules  in  the  Peyer’s  patches  of  the  small  intestine,  and 
affection  of  the  corresponding  mesenteric  glands,  but  of  no 
other  oro-an  or  gdand  in  the  abdomen.  In  the  thorax,  the 
bronchial  glands  were  affected,  and  there  were  a  few  scat¬ 
tered  tubercles  in  the  lung  tissue  near  the  surface.  Here, 
then,  the  seat  of  the  infection  was  the  small  intestine,  from 
which  the  mesenteric  glands  were  affected,  and  subsequently 
the  bronchial  glands,  the  intervening  lymphatic  glands  being 
skipped  by  the  disease. 

The  second  calf  was  killed  in  sixty-one  days.  Sixteen 
nodules  of  tubercle  were  found  in  the  intestine;  a  few  of  the 
mesenteric  glands  were  tuberculous,  and,  as  in  the  other 
calf,  the  remaining  abdominal  glands  were  skipped,  and  the 
posterior  mediastinal  glands  were  affected,  the  bronchial 
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glands  and  a  few  of  the  lower  cervical  glands,  while  there 
were  a  few  nodules  in  the  lungs. 

T  he  third  calf  was  killed  in  eighty-five  days  and  showed 
numerous  superficial  ulcers,  especially  in  the  lower  part  of 
the  ileum  and  in  the  caecum,  while  the  caecal  and  mesenteric 
glands  were  also  affected,  and  the  posterior  mediastinal  and 
lower  cervical  glands  were  tuberculous.  The  lungs  showed 
a  few  nodules  of  tubercle,  and  the  lower  part  of  the  pleurae 
showed  the  characteristic  “  grapes  ”  of  bovine  tuberculosis. 
The  last  calf  was  killed  in  259  days.  Twenty-five  nodules 
were  found  in  the  small  intestine,  and  there  was  tuberculosis 
of  the  mesenteric  glands  and  of  a  few  of  the  retro-hepatic 
glands,  while  the  posterior  mediastinal  and  the  bronchial 
glands  were  tuberculous,  and  the  glands  below  the  angle  of 
the  jaw  on  the  right  side.  Besides  this  there  was  extensive 
tuberculous  pleurisy  in  the  form  of  “grapes,”  the  lung  tissue 
itself  being  unaffected.  In  the  three  first  calves  the  channel 
of  infection  was  through  the  intestinal  tract,  and  thence  it 
affected  the  mesenteric  glands  and  subsequently  the  glands 
and  organs  in  the  thorax.  This  was  frequently  observed 
also  in  natural  tuberculosis  in  cattle,  namely,  that  from  the 
seat  of  the  infection  in  the  intestine  the  organs  and  the 
thorax  are  soon  affected.  In  the  fourth  calf  the  seat  of 
infection  was  two-fold  :  in  the  small  intestine  and  in  the 
pharynx  on  the  right  side.  The  results  in  this  calf  are 
interesting,  as  showing  that  tubercular  pleurisy  can  occur 
from  intestinal  infection  without  the  lung  tissue  itself  being 
involved.  The  results,  therefore,  of  the  feeding  of  pigs 
and  calves  with  tuberculous  material,  show  three  chief 
points,  namely,  that  with  a  small  dose  there  may  be  absence 
of  a  local  lesion  at  the  seat  of  infection  ;  that  the  neigh¬ 
bouring  lymphatic  glands  are  almost  constantly  affected  ; 
and  that  the  size  of  the  local  lesion  may  be  out  of  all  pro¬ 
portion  to  the  tuberculosis  which  subsequently  develops. 

These  results  are  to  some  extent  explanatory  of  the 
cases  of  tuberculosis  which  occur  in  the  human  being.  A 
few  of  these  may  now  be  referred  to.  It  is  seen,  both  in 
the  pig  and  calf,  that  the  glands  below  the  jaw  are  readily 
affected,  especially  in  the  pig,  by  the  ingestion  of  tubercu- 
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lous  material,  even  though  this  may  be  slightly  virulent  in 
nature,  and  this  affection  through  the  pharynx  occurs  with¬ 
out  the  production  of  a  local  lesion  and  reproduces  what  are 
known  as  scrofulous  glands  in  the  neck  of  human  beings. 
It  is  also  seen  that  from  these  tuberculous  pdands  below  the 

o 

jaw  the  disease  in  some  instances  spreads  down  the  cervical 
glands  and  affects  the  lungs  by  way  of  the  bronchial  glands : 
an  exact  reproduction  of  some  cases  of  pulmonary  tubercu¬ 
losis  in  the  human  being.  The  proportion  of  cases  in  the 
human  being  in  which  intestinal  infection  occurs  is  probably 
greatly  under-estimated,  and  the  results  of  post-mortem  ex¬ 
aminations  are  frequently  misread,  owing  to  the  fact  that 
extensive  disease  in  the  lunors  leads  us  to  the  conclusion 

o 

that  the  disease  was  primary  there,  the  lesion  in  the  in¬ 
testine  being  very  slight.  As  regards  the  infection  of  the 
lungs  in  the  human  being,  it  may  be  ascribed  to  four  modes 
of  infection.  When  primary,  it  is  due  to  inhalation  of  tuber¬ 
culous  material  in  a  dried  state  ;  when  secondary,  it  may 
spread  downwards  from  the  primary  affection  of  the  glands 
below  the  jaw  ;  thirdly,  it  may  spread  upwards  from 
the  intestines  without  affection  of  the  intervening  glands  ; 
and,  fourthly,  it  may  occur  from  the  presence  of  an  active 
locus  elsewhere,  either  in  a  joint  or  bone. 

Tuberculosis  of  the  lymphatic  glands  in  the  thorax,  the 
bronchial  and  posterior  mediastinal  glands,  is  not  an 
uncommon  affection  in  children.  Experiment  appears  to 
show  that  the  commonest  modes  of  infection  are  either 
from  scrofulous  glands  in  the  neck  or  from  the  intestines, 
and,  as  in  the  experiments  on  the  calf,  the  lesion  in  the 
intestine  may  be  slight  and  the  lesion  in  the  thorax  great. 
It  is  possible,  however,  that  the  bronchial  glands  might  be 
affected  by  the  inhalation  of  a  small  dose  of  tuberculous 
material  through  the  lung  itself,  no  local  lesion  in  the  lung- 
tissue  being  produced.  This,  however,  is  purely  theoretical, 
since  I  am  not  aware  of  any  experiments  in  which  the 
inhalation  of  small  quantities  of  tuberculous  material  has 
produced  this  effect. 

As  regards  the  other  lesions  in  the  human  being  which 
result  from  intestinal  infection,  the  chief  of  which  is  tuber- 
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cular  peritonitis,  it  must  be  remembered  that  the  form  of 
tubercular  peritonitis  that  occurs  in  children  does  not  exist 
in  guinea-pigs,  cattle,  or  pigs.  It  is  present  in  horses.  In 
human  tubercular  peritonitis  in  some  cases  a  local  lesion  is 
found  in  the  intestine  ;  in  other  cases  there  is  no  local 
lesion  ;  the  mesenteric  glands  are  tuberculous,  and  the 
chief  seat  of  the  disease  is  the  peritoneum.  It  seems 
very  probable  that  in  many  cases  of  tubercular  peritonitis 
the  affection  is  associated  with  the  ingestion  of  a  small  dose 
of  the  tubercular  poison,  although  this  is  not  so  in  all  cases. 

Affection  of  parts  of  the  body  far  removed  from  the 
channel  of  infection  (such,  for  example,  as  the  bones,  joints, 
the  epididymis,  and  the  pia  mater)  is  one  of  the  most 
interesting  problems  in  tuberculosis  ;  since  there  is  no  direct 
lymphatic  connection  between  these  parts,  and  from  the 
primary  tubercular  lesion  infection  must  occur  by  means  of 
the  vascular  system.  Thus  in  the  human  being  tubercular 
joint  or  bone  disease,  or  infection  of  the  epididymis  or  the  pia 
mater,  may  occur  in  a  case  which  is  evidently  primary  lung 
tuberculosis,  or  primary  intestinal  tuberculosis.  But  there 
are  other  cases  in  which  the  channel  of  infection  is  not  so 
evident.  In  some  of  these,  indeed,  a  tubercular  lesion  in  the 
retrograde  stage  is  present  at  the  apex  of  one  or  other  lung, 
or  in  the  intestine,  or  is  shown  in  scrofulous  glands  below 
the  neck,  or  in  tuberculosis  of  the  mesenteric  glands.  These 
small  lesions  are  frequently  overlooked  in  post-mortem 
examinations,  so  that  the  cases  are  described  as  primary 
tubercular  meningitis,  epididymitis,  or  bone,  or  joint  disease. 
In  some  cases,  however,  the  primary  local  lesion  cannot  be 
discovered,  although  it  is  more  frequently  not  looked  for, 
and  it  is  quite  possible  that  in  the  tissues  of  children,  which 
are  so  active  in  absorption,  the  tubercle  bacillus  might  enter 
the  blood  stream  directly  without  producing  a  local  lesion, 
and  so  be  carried  to  a  distant  part,  where  it  produces  its 
characteristic  lesion. 

The  exigencies  of  space  preclude  a  further  discussion  of 
this  part  of  the  subject,  and  I  will  finish  what  I  have  to  say 
by  considering  briefly  some  of  the  sources  of  infection  in 
tuberculosis.  If  tuberculosis  is  a  disease  in  which  an 
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attempt  has  to  be  made  to  diminish  its  prevalence,  it  is 
evident  that  a  correct  appreciation  of  the  sources  of  infection 
is  of  the  highest  importance.  These  sources  are  either  the 
discharges  or  secretions  of  tuberculous  organs,  or  tuber¬ 
culous  lesions  removed  in  cases  of  natural  tuberculosis  in 
man  or  animals.  Of  the  first  class  sputum  and  milk  are 
the  chief.  It  is  probable  that  to  milk  derived  from  tuber¬ 
culous  cattle  is  to  be  ascribed  the  majority  of  cases  of 
ingestion  tuberculosis  that  occur  in  children.  To  sputum 
in  the  dried  state  most  of  the  cases  of  primary  lung 
tuberculosis  must  be  ascribed.  Tuberculous  organs  in 
cattle,  when  given  to  animals  as  food,  will  tend  to  per¬ 
petuate  the  disease.  The  meat  of  tuberculous  cattle,  when 
no  care  is  taken  in  its  “dressing”  to  prevent  contamination 
with  tuberculous  material,  is  also  a  source  of  infection,  and 
the  discharges  from  tuberculous  cattle  kept  in  stalls  leads 
to  the  infection  of  healthy  cows  present  in  the  same  shed. 
By  proper  regulations  made  by  the  State  the  danger  from 
milk  and  meat  could  be  diminished,  or  even  completely 
eliminated  ;  and  the  individual,  by  always  boiling  milk  and 
by  properly  cooking  the  meat,  can  reduce  the  danger  of 
infection  to  a  minimum.  With  sputum,  however,  the  case 
is  different.  No  State  regulations  are  here  available,  inas¬ 
much  as  if  they  were  made  they  would  probably  be  more 
frequently  infringed  than  followed.  The  duty  of  the 
medical  profession  seems  to  be  to  instruct  tuberculous 
patients  under  their  charge  that  their  expectoration  is  of 
danger  not  only  to  themselves,  but  to  those  surrounding  them ; 
that  it  is  infective  material  which  ought  to  be  destroyed 
and  which  is  destroyed  with  very  little  trouble  to  them¬ 
selves.  By  educating  the  people  in  this  manner  a  large 
amount  of  tuberculous  material  which  is  a  source  of  danger 
to  the  community  will  be  destroyed,  and,  combined  with 
proper  regulation  of  the  milk  and  meat  supply,  will  un¬ 
doubtedly  in  time  tend  to  diminish  the  present  scourge  of 
tuberculosis. 


Sidney  Martin. 


PITHECANTHROPUS  ERECTUS— A  BRIEF 
REVIEW  OF  HUMAN  FOSSIL  REMAINS. 


i.  INTRODUCTORY. 

WHEN  Darwin  published,  in  1871,  The  Descent  of 
Mail,  the  impression  was  general  that  he  had 
solved  and  settled  the  genealogy  of  Man.  Our  modest 
master,  however,  made  no  such  pretension  ;  he  claimed  no 
more  than  to  have  enunciated  Man’s  descent  as  a  problem, 
and  to  have  brought  it  within  the  arena  of  practical  science 
for  a  solution.  Within  that  arena  the  problem  still  re¬ 
mains.  In  1895  no  more  is  known  of  how  the  histories  of 
man,  the  gorilla,  the  chimpanzee,  the  orang  and  the  gibbon, 
twined  together  in  the  past  than  in  1871.  At  that  time  it 
was  thought  that  a  close  study  of  the  animals  themselves 
would  reveal  their  histories.  Embryology  was  expected  to 
yield  a  great  deal.  The  embryo,  it  was  believed,  re¬ 
capitulated  its  own  history  as  it  unfolded  itself,  but  the 
good  deal  we  know  of  the  human  embryo,  and  the  very 
little  we  know  of  the  simian,  have  taken  that  hope  from 
us.  V estigial  structures,  also,  were  regarded  as  a  kind  of 
genealogical  finger-posts,  but  their  indication  has  proved 
to  be  so  indefinite  as  to  suggest  that  they  are  rather 
“  weather-cocks  ”  to  the  wind  of  many  theories.  Evidence 
of  the  line  of  descent,  yielded  by  anatomical  structure,  is  of 
a  general  nature  only.  Even  were  we  in  a  position  to  say 
that  Man  and  this  animal  have  60  per  cent.,  and  that  Man 
and  that  animal  have  70  per  cent.,  of  characters  in  common — 
a  position  we  have  not  nearly  attained — we  were  no  nearer 
the  solution  of  his  descent.  All  that  such  knowledge 
permits  us  to  say  is  that  man  is  a  primate  of  the  Primates, 
a  catarrhine  of  the  Catarrhini.  But  the  strong  hope 
remains  that  one  source  of  certain  evidence  is  left  us.  We 
hope  that,  as  the  primate  stock  broke  up  in  the  past,  and 
came  struggling  into  the  various  human  and  anthropoid 
forms  of  to-day,  Time  turned  down  some  stray  specimens 
in  his  geological  pages,  and  thus  preserved  their  histories  in 
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unequivocal  characters.  The  evidence  derived  from  this 
source  can,  as  far  as  it  yet  concerns  man’s  descent,  be  com¬ 
pressed  within  the  bounds  of  a  moderate  article. 

2.  THE  BENGAWAN  FIND— THE  LATEST  ADDITION  TO 
THE  HUMAN  GEOLOGICAL  RECORD. 

The  latest  page  has  been  opened  in  Java  by  Dr. 
Eugene  Dubois,  and  has  yielded  us  a  calvaria,  a  tooth  and 
a  femur  supposed  to  belong  to  an  individual  that  flourished 
in  an  early  post-tertiary  period.1  In  the  hills  near  the 
centre  of  the  long  island  of  Java  the  Bengawan  takes  its 
rise,  and  then  runs  its  short  course  northwards  to  the  sea. 
Some  parts  of  the  district  drained  by  this  stream  have 
yielded  fossil  remains  of  animals  believed,  by  their  finder, 
Dr.  Dubois,  to  belong  to  Pleistocene  times,  and  while 
extending  his  researches  on  the  left  bank  of  the  Bengawan, 
he  unearthed  the  tooth  and  skull  one  metre  apart,  the  femur 
fifteen  metres  farther  up  stream,  and  all  at  the  same  depth 
— one  metre  below  the  level  of  the  bed  of  the  Bengawan. 
That  is,  practically,  all  he  tells  of  the  circumstances  in  which 
these  remains  were  found.  The  mere  fact  that  they  were 
found  in  the  bank  of  a  stream — which,  like  all  tropical 
streams,  must  play  great  havoc  with  its  course  during  the 
rainy  season — inclines  us  to  doubt,  until  Dr.  Dubois  can  in¬ 
form  us  to  the  contrary,  the  possibility  of  assigning  them,  at 
present,  their  correct  geological  age.  For  me,  the  proof  of 
their  antiquity  lies  in  the  peculiarity  of  their  conformation. 

Given  the  roof  of  a  cranium,  sliced  off  at  the  level  of 
the  supra-orbital  ridges,  an  upper  third  molar  tooth  of 
large  size  and  peculiar  form,  and  a  femur  almost  entire  : 
reconstruct  the  animal  or  animals  to  which  they  belonged. 
This  was  the  task  that  confronted  Dr.  Dubois,  and  the 
result  we  have  in  a  rather  extensive  memoir 2  issued  from 
the  Batavian  press  towards  the  close  of  last  year.  He  met 

i 

1  Cf  footnote  on  p.  368. 

2  Pithecanthropus  Erectus.  Erne  Menschencehnliche  Uebergangsform 
aus  Java ,  Batavia,  1894,  39  pp.,  40,  2  pis.  Full  lists  of  references  are 
given. 
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it  in  the  usual  way  ;  he  compared  these  remains  with  the 
corresponding  parts  of  the  chimpanzee,  gorilla,  orang, 
o-ibbon  and  Man,  and  found  in  neither  one  nor  another  the 
agreement  he  sought  for.  He  made  no  allowance,  how¬ 
ever,  for  the  extraordinary  amount  of  individual  variation 
manifested  by  men  and  anthropoids,  and  concluded  that 
these  remains  were  parts  of  an  animal  that  had  shared 
human  and  simian  characters  almost  equally.  To  this 
extinct  animal  he  gave  the  name  Pithecanthropus  hrectus, 
believing  it  to  represent  a  family  that  flourished  in  Pleisto¬ 
cene  times.  At  the  meeting  of  the  Anatomical  Society  of 
Great  Britain  and  Ireland,  held  on  the  13th  of  February 
last,  Professor  Cunningham 1  brought  the  Bengawan  find 
under  discussion,  and  showed  that  the  calvaria  was  in  all  , 
respects  human,  and  assigned  it  to  a  race  of  men  even 
more  primitive  than  the  Canstadt  to  which  the  celebrated 
Neanderthal  skull  belongs.  The  tooth  he  also  regarded  as 
human,  and  as  belonging,  probably,  to  the  same  individual 
as  the  skull ;  but  the  femur  he  rejected  as  that  of  a  recent 
and  modern  human  being.  Independently,  M.  Pettit2 

arrived  at  an  almost  similar  conclusion.  A  reviewer3  of 
Dr.  Dubois’  memoir,  on  the  other  hand,  while  entirely 
accepting  the  Bengawan  remains  as  human,  assigned  them 
to  a  modern  but  abnormally  microcephalic  specimen  of  the 
existing  race.  At  the  meeting  of  the  Anatomical  Society 4 
I  adduced  some  reasons  for  believing  the  tooth  to  be  that 
of  an  orang,  and  the  skull  that  of  an  atypical  member  of 
the  human  race.  But  much  extended  research  has  led  me 
to  see  that  my  reasons  were  not  well  founded,  and  that 
Cunningham  and  Pettit  are  very  probably  right  in  regarding 
these  remains  as  indicative  of  a  human  race  more  primitive 
than  any  hitherto  discovered.5 

1  See  also  Nature ,  28th  Feb.,  1895,  p.  428. 

2  L' Anthropologies  tom.  v.,  1895,  pp.  65-69. 

3  Nature ,  24th  Jan.,  1895,  p.  291. 

4  Proc.  Anat.  Soc.  Great  Britain  and  Ireland ,  13th  Feb.,  1895. 

5  After  this  article  was  in  proof,  Sir  William  Turner  made  an  important 
contribution  to  the  literature  over  the  Bengawan  remains  ( Journ .  Anat.  and 
Physio  log. ,  April,  1895).  He  gives  a  full  description  of  the  calvaria;  and 
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History  repeats  itself.1  When  Fulhrott,  in  1857,  brought 
forth  the  Neanderthal  calvaria2  from  the  Feldhofer  cave, 
nearly  as  many  speculations  arose  concerning  the  nature  of 
the  individual  to  which  it  belonged  as  there  were  anthro¬ 
pologists  in  Europe. 

Fuhlrott,  Schaaffhausen,  Huxley,  Broca,  Hamy  and 
Busk  regarded  it  as  representative  of  the  men  that  in¬ 
habited  Western  Europe  with  the  mammoth  and  woolly 
rhinoceros  ;  Virchow  decided  that  it  had  been  subjected  to 
pathological  processes,  and  was  therefore  unfit  for  grounds 
of  inference  ;  Barnard  Davis  inclined  to  a  similar  opinion  ; 
Pruner  Bey  thought  that  it  was  part  of  an  idiot’s  skull  ; 
Turner  pointed  out  that  an  approximately  similar  type  of 
calvarise  occurred  occasionally  in  modern  European  skulls  ; 
R.  Wagner  instanced  skulls  of  modern  Dutchmen  that 
closely  resembled  the  Neanderthal  ;  Meyer  set  it  down 
as  the  skull  of  a  Cossack  who  had  perished  in  the  wars  ; 
and  King  regarded  it  as  the  calvaria  of  an  extinct  pithecoid 
animal.  It  is  unnecessary  to  cite  the  sources  of  these 
speculations,  for  the  discovery  of  the  Spy  crania,3  in  1886, 

as  regards  it,  and  also  the  femur,  arrives  at  conclusions  similar  to  those  of 
Cunningham  and  Pettit.  He  infers  from  the  figure  given  by  Dubois  that 
the  tooth  is  probably  that  of  an  orang.  My  reasons  for  regarding  the 
tooth,  now,  as  human  are,  that  its  enamel-pattern  and  the  condition  of  its 
oblique  ridge  occur  in  the  wisdom  teeth  of  some  negroid  races,  but  not, 
so  far  as  I  have  seen,  in  the  teeth  of  the  orang.  Dubois’  figure  is,  however, 
not  very  clearly  delineated. 

1  Kritische  Bedenken  gegen  den  Pithecanthropus  E rectus.  Globus ,  B. 
lxvii.,  No.  14,  by  Dr.  Rud.  Martin,  Docent  d.  Anthropologie,  Zurich. 
He  is  of  opinion  that  the  Bengawan  remains  are  human,  but  too  frag¬ 
mentary  to  permit  inference  as  to  the  animal  of  which  they  formed  part. 
I  am  obliged  to  Professor  Cunningham  for  the  opportunity  of  seeing  Dr. 
Martin’s  contribution. 

2  Of  the  very  extensive  literature  called  forth  by  the  Neanderthal 
Find,  the  contributions  which  best  repay  consultations  are  Schaaffhausen’s 
Der  Neanderthal  Eund ,  Bonn,  1888 ;  Huxley’s  Evidence  as  to  Man's 
Place  in  Nature ,  London,  1863  (see  also  in  Lyell’s  The  Antiquity  of  Man, 
4th  ed.,  1873);  Virchow’s  Untersuchung  des  Neanderthal  Schddels,  Zeitschr. 
fur  Ethnologie ,  1872  ;  Turner’s  Quart,  fourn.  of  Science,  vol.  i.,  1864,  pp. 

25o-558- 

3  Fraipont  et  Lohest,  Le  Race  Humaine  de  Neafiderthal  ou  de 
Canstadt  en  Belgique,  Gand,  1887,  8%  pp.  153,  4  pis.  with  21  figs.  To 
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has  set  the  matter  at  rest  by  confirming  the  deductions  of 
Schaaffhausen,  Huxley  and  Broca  as  to  the  nature  and 
antiquity  of  the  Neanderthal  skull  and  race.  I  am  con¬ 
vinced  that  the  promulgation  of  so  many  and  so  various 
theories  has  been  largely  due  to  an  under-estimation  of  the 
variation  in  structure  amongst  individual  men  and  anthro¬ 
poids,  and  to  an  exaggeration  of  the  structural  interval  that 
separates  these  two  groups  of  primates. 


3.  AN  ENUMERATION  OF  THE  PRINCIPAL  FINDS  OF 

FOSSIL  MAN. 

The  south-eastern  provinces  of  Belgium  have  proved  so 
far  to  be  the  chief  graveyard  of  Quaternary  man,  the  finds 
made  in  France,  Italy,  Germany  and  England  1  being  merely 
corroboratory  items.  These  provinces  offered  suitable  con¬ 
ditions  for  the  preservation  of  remains.  Through  this  part 
of  Belgium  run  the  Meuse  and  its  many  tributaries,  fre¬ 
quently  confined  between  bluffs  of  Devonian  limestone. 
On  the  faces  of  these  bluffs,  fifteen  to  thirty  metres  above 
the  present  stream-levels,  open  caves  which  were  frequented 
by  man,  the  cave  bear,  the  cave  hyaena,  the  mammoth,  the 
woolly  rhinoceros  and  other  members  of  the  fauna  of 
Western  Europe  during  Quaternary  times.  Any  bones 
left  on  the  floor  of  the  cave  tended,  in  the  course  of  time, 
to  become  buried  by  the  constant  stalagmitic  droppings, 
the  surface  soil  washed  in  through  vents  in  the  roof,  and 
now  and  again  by  the  addition  of  fragments  of  limestone 
detached  from  the  vault.  Disintegration  of  the  surface  of 


this  work  I  beg  to  acknowledge  my  indebtedness.  A  masterly  description 
of  the  Spy  remains  is  given,  along  with  a  clear  and  brief  account  of 
former  similar  discoveries. 

1  Professor  Howes  has  drawn  my  attention  to  the  most  recent  and 
evidently  most  important  find  of  this  nature  yet  made  in  England.  (“  On 
a  Human  Skull  and  Limb-Bones  found  in  the  Palaeolithic  Terrace-Gravels 
at  Galley  Hill,  Kent,”  by  E.  T.  Newton,  F.R.S.,  Proc.  Geo.  Soc.  Lond ., 
May  22,  1895.)  The  find,  as  such  finds  go,  is  very  complete.  The  brain- 
chamber  of  the  skull  evidently  differs  considerably  from  that  of  the  Spy 
crania,  but,  on  the  other  hand,  its  teeth  and  facial  parts  closely  agree. 
Mr.  Newton  intends  to  publish  a  more  detailed  account  of  these  remains. 
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the  bluff  led  to  a  gradual  exposure  of  the  cavern  floor 
as  a  terrace  in  front  of  the  mouth.  From  this  formation 
Schmerling  took  the  Engis  remains;1  Fuhlrott,  in  1857, 
the  Neanderthal;  Dupont,2  in  1865,  the  Naulette  ;  lastly, 
Lohest3  and  De  Puydt,  in  1886,  the  Spy  remains — the 
most  complete  and  valuable  of  all. 

All  fossil  human  remains  hitherto  discovered  could  be 
placed  within  a  museum  cupboard  of  very  limited  dimen¬ 
sions.  Skulls  would  be  represented  by  the  nearly  complete 
arches  of  Spy  crania  Nos.  1  and  2;  the  Engis4  cranial 
vault;  the  roof  caps  of  the  Bengawan,  Neanderthal,  Til¬ 
bury,5  Staegenaes  and  Forbes  Quarry  (Gibraltar)  crania  ; 
and  the  partial  calvaria  of  the  Brux,6  Denise,  Canstadt, 
Eguisheim,  Olmo  and  Clichy  discoveries.  Facial  parts 
would  be  represented  only  by  the  fragmentary  upper  jaw 
and  malar  of  Spy  cranium  No.  1.  Only  two  lower  jaws  of 
importance,  and  lacking  the  greater  parts  of  the  ascending- 
rami,  would  be  present — those  of  the  Naulette  and  Spy 
cranium  No.  1.  The  fragments  of  the  Schipka,7  Goyet, 
D’Arcy-sur-Cure  and  Clichy  mandibles  would  add  very 
little  to  our  knowledge  of  these  two  ;  while  the  Tilbury, 
Suffolk8  and  Moulin  Quignon  inferior  maxillae,  even  were 
their  claims  to  antiquity  allowed,  would  be  of  little  value,  for 
they  are  the  mandibles  of  aged  individuals  and  consequently 
their  characteristics  have  been  erased  by  age-changes.  The 
cupboard  would  contain  about  sixty-two  teeth,  twenty-two 


1  Schmerling,  Recherches  sur  les  ossemens  fossils  decouverts  dans  les 
cavernes  de  la  Province  de  Liege ,  Liege,  1846.  Text  and  atlas  (75  pis.). 

2  Bull,  de  V Acad,  de  Bruxelles ,  2nd  Ser.,  t.  xxii.,  1866,  pp.  31-55. 

3  Fraipont  et  Lohest,  Gand,  1887. 

4  See  Huxley’s  Evidence  as  to  Man's  Place  in  Nature ,  London,  1863. 

5  Owen,  The  Antiquity  of  Man,  London,  1884,  31  pp.,  4  pis. 

6  It  is  unnecessary  to  give  references  to  the  original  sources  where 
these  new  fragmentary  crania  are  described,  as  they  are  of  no  value  for  our 
present  purpose.  Fraipont  gives  them. 

7  Virchow,  Das  Kiefer  aus  der  Schipka-Hohle  und  das  Kiefer  von 
Naulette ,  Zeitschrift  fur  Ethnoldgie,  bd.  xiv.,  1882,  pp.  276-310. 

8  Robert  H.  Collyer,  Anthropological  Review ,  vol.  v.,  1867,  pp.. 
221-235. 
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of  the  upper  jaw  and  forty  of  the  lower,  belonging  to 
the  Engis,  Naulette,  Schipka,  Spy,  Tilbury  and  Bengawan 
finds.  The  bones  of  the  limbs,  none  of  them  complete, 
would  be  represented  by  about  eight  femora,  three  tibiae, 
fragments  of  fibulae,  eight  humeri,  seven  parts  of  forearm 
bones,  and  fragmentary  parts  of  clavicles,  ribs,  vertebrae,  hand 
and  foot  bones,  and  a  few  pieces  of  scapulae  and  ilii.  These 
fragments  represent  altogether  little  more  than  a  score  of 
the  men  that  flourished  in  the  Quaternary  period,  and  of 
these  fragments  only  those  of  the  Neanderthal,  Spy  and 
Bengawan  finds  are  of  value  for  purposes  of  reconstruction. 
Only  four  individuals  to  represent  the  millions  and  millions 
of  men  that  must  have  lived  and  died  in  Quaternary  times  ! 


4.  FOSSIL  SKULLS  AS  BRAIN  CASES. 

The  first  and  prime  function  of  a  skull  is  to  carry  the 
brain,  and  this  office,  fossil  skulls  served  but  moderately  well. 
The  cranial  capacities  of  100  modern  Parisians1  were  found 
to  fluctuate  between  1150  c.c.  and  1850  c.c.  Turner  found 
that  thirty  Australian  crania,  gathered  at  random  during  the 
Challenger  Expedition,  possessed  cranial  capacities  ranging 
from  930  c.c.  to  1514  c.c.2  The  cranial  capacity  of  the 
Bengawan  skull  is  roughly  estimated  at  1000  c.c.  ;  the 
Neanderthal  skull  at  1230  c.c.,  by  Huxley  ;3  1100  c.c.,  by 
Schaaffhausen  ; 4  and  the  Spy  crania  at  about  1300  c.c.  In 
thirty  orang  skulls  I  have  found  the  cranial  capacity  to 
range  from  300  c.c.  to  530  c.c.,  and  in  other  anthropoids 
an  equally  great  variation  in  brain  capacity.  We  have 
every  reason  to  believe  that  the  cranial  capacities  of  fossil 
man  showed  a  variation  in  brain  capacity  equal  to  that  of 
modern  man,  so  that  we  accept  very  reservedly  the  cranial 

* 

1  Topinard,  Elements  cC Anthropologie  Generate,  Paris,  1885. 

2  “  Report  on  the  Human  Crania  and  other  Bones  of  the  Skeleton 
Collected  during  the  Voyage  of  H.M.S.  Challenger ,”  “  Challenger ”  Re¬ 
ports ,  pt.  xxix.,  1884  (Crania);  pt.  xlvii.,  1886  (Skeleton). 

3  Evidence  as  to  Man’s  Place  in  Nature. 

4  Der  Neanderthal  Fund ,  Bonn,  1888,  49  pp.,  19  figs. 
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capacities  of  the  Bengawan,  Neanderthal  and  Spy  in¬ 
dividuals  as  representative  of  Quaternary  man.1 

Thirteen  hundred  cubic  centimetres  contained  in  the 
short,  narrow  and  high  cranial  chambers  of  modern 
Europeans  are  no  better  than,  as  far  as  we  know,  an 
equal  number  contained  in  the  elongated,  wide  and 
depressed  skulls  ol  fossil  men.  The  fact  remains,  how¬ 
ever,  that,  since  Quaternary  times,  the  prevalent  form  of 
brain  chamber  has  changed.  The  lengths  of  Bengawan, 
Neanderthal  and  Spy  cranial  chambers  are  155,  169, 
168,  170  m.m. ;  the  greatest  breadths,  120,  135,  130,  140 
m.m. ;  basi-bregmatic  heights,  no  (?),  125  (?),  128,  132 
m.m.  In  these  diameters  they  resemble  a  considerable 
proportion  of  Australian  crania,  except  that  the  fossil  skulls 
are  relatively  broader  than  their  existing  counterparts.  In 
the  majority  of  modern  Europeans  the  length  and  breadth, 
as  compared  with  fossil  skulls,  have  been  sacrificed  for  an 
addition  to  the  height  of  the  cranial  chamber;  but  occasionally 
forms  occur  with  diameters  that  approximate  to  those  of 
the  Australian  and  fossil  crania.  In  this  we  see  how 
gradually  the  type  changes.  The  squat,  low-browed  crania 
were  evidently  the  prevailing  forms  in  Quaternary  times  ; 
they  have  come  straggling  down  to  the  present  in  ever- 
diminishing  numbers,  until  they  are  now  almost  ousted  by 
the  prevalent  high-foreheaded  types  of  modern  times. 

In  this  connection  the  Engis  skull  is  interesting ;  it 
has  every  claim  to  geological  antiquity  possessed  by  the 
Neanderthal  calvaria,  but  it  is  strictly  of  the  modern  type. 
It  is  now  the  recipient  of  scant  attention,  but  there  is  no 
reason  why  it  may  not  be  regarded  as  representative  of  a 
minority  of  the  Neanderthal  (Canstadt)  race,  just  as  the 
fossil  types  represent  a  minority  of  to-day.  There  never 
was,  nor  ever  will  be,  a  race  that  manifests  more  than  a 
proportion  of  crania  of  a  similar  type.  It  is  no  explanation 
to  say  that  divergences  of  cranial  form  are  due  to  a  mixture 

1  Turner  ( Jour .  Anal.  and  Physiology  April,  1895)  refers  to  a 
Quaternary  skull  described  by  Testut  ( Bulletin  de  la  Soc.  d' Anthrop.  de 
Lyon ,  viii.,  1889),  the  cranial  capacity  of  which  is  estimated  at  1700  c.c. 
The  original  communication  I  have  not  been  able  to  consult. 
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of  races.  There  never  was,  nor  ever  will  be,  a  pure  race  ; 
love  and  war  have  kept,  and  will  keep,  races  constantly 
mixing. 

O 

5.  THE  SKULL  OF  FOSSIL  MAN  CONSIDERED  AS  A 
MASTICATORY  APPARATUS. 

We  may  accept  the  size  of  the  palate  as  an  indication 
of  the  degree  to  which  the  masticatory  and  alimentary 
systems  of  fossil  men  were  developed.  We  have  only  an 
upper  wisdom  tooth  to  give  us  a  clue  to  the  Bengawan 
palate,  and  we  may  infer  that  a  set  of  teeth,  such  as  the 
Bengawan  molar  from  its  size  and  shape  indicates,  could 
not  be  set  in  a  palate  less  than  70  m.m.  wide  and  60  m.m. 
long.  The  alveolar  outlines  of  the  lower  jaws  permit  us  to 
infer  that  the  palate  in  one  of  the  Spy  crania  (supposed  to 
be  that  of  a  woman)  was  about  60  m.m.  broad  and  54  m.m. 
long,  and  in  the  Naulette  individual  65  m.m.  broad  and 
about  62  m.m.  long.  In  eight  Australian  crania  of  a  type 
resembling  the  fossil  forms,  the  palates  ranged  in  length  from 
55  to  64  m.m.,  the  breadth  from  60  to  72  m.m.,  the  one 
diameter  commonly  increases  as  the  other  diminishes.  In 
English  palates  52  m.m.  long  and  56  m.m.  broad  are  quite 
common  diameters.  Amongst  gorillas  the  palate  frequently 
measures  95  m.m.  in  length  by  66  m.m.  in  breadth  ;  amongst 
chimpanzees  82  x  61  m.m.  ;  and  amongst  orangs  94  x  70 
m.m.  From  these  figures  it  is  quite  plain  that  the  palatal 
areas  of  fossil  man  and  certain  Australians  are  greater  than 
the  palatal  areas  of  most  modern  men  ;  while,  on  the  other 
hand,  the  palates  of  anthropoids  greatly  exceed  those  of  fossil 
men.  The  brain  capacities,  on  the  contrary,  are  greatest  in 
modern  man  and  least  in  anthropoids.  An  increase  of  the 
cranial  capacity  appears  to  determine  a  diminution  of  the 
palatal  area.  An  increase  of  brain  capacity  indicates  an 
increased  power  of  bringing  more  easily  masticated  food 
within  the  reach  of  the  individual,  such  as  may  favour 
a  reduction  of  the  palate,  masticatory  and  alimentary 
apparatuses,  with  profit  to  the  body — economy. 

The  principle  of  the  evolutionary  progress  of  human 
structure  appears  to  lie  in  an  increase  of  brain  capacity, 
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and,  as  far  as  is  profitable,  a  diminution  of  the  alimentary 
apparatus.  Further,  we  may  infer  that  a  man,  or  an 
anthropoid,  with  a  small  brain  and  a  large  masticatory 
apparatus  is  an  approach  towards  the  primitive  primate 
stock  that  gave  them  birth.  Judged  on  this  standard,  the 
Bengawan  and  Neanderthal  individuals  may  be  set  down 
as  distinct  human  approximations  to  the  primate  stock. 

6.  OTHER  MODIFICATIONS  OF  THE  HUMAN  FOSSIL  SKULLS 

ENTAILED  BY  A  LARGE  MASTICATORY  APPARATUS. 

The  prominent  supra-orbital  ridges  of  the  fossil  crania 
form  one  of  their  most  characteristic  features.  The  thick¬ 
ness  of  the  skull  over  the  glabellar  (supra- nasal)  part  of 
these  ridges  measures  in  the  Bengawan,  Neanderthal  and 
Spy  crania  from  24  to  30  m.m.,  the  describers  failing  to 
give  us  more  exact  figures,  x^ustralian  crania  of  the  cyno- 
cephalic  type  show  frequently  an  almost  equal  glabellar 
thickness.  In  modern  European  skulls  the  measurement 
seldom  exceeds  20  m.m.  In  gorilla  skulls  the  glabellar 
part  measures,  in  thickness,  from  30  to  35  m.m.;  in  the  chim¬ 
panzee  from  25  to  28  m.m.;  in  the  orang  from  16  to  20  m.m.; 
and  in  the  gibbon  from  12  to  14  m.m.  In  fossil  and  most 
cynocephalic  Australian  skulls,  as  well  as  in  those  of  the 
gorilla,  chimpanzee  and  gibbon,  the  glabellar  part  of  the 
supra-orbital  ridge  is  as  prominent  as  the  supra-ciliary  parts. 
In  the  orang  and  in  the  Tilbury  skull  the  supra-ciliary  parts 
are  separated  by  a  glabellar  hiatus  ;  and  in  modern  skulls 
the  glabellar  part  is  extremely  variable,  being  often  present 
and  prominent  in  men,  and  often  absent  in  women.  There 
can  be  little  doubt  that  the  main  end  of  this  supra-orbital 
bar  is  to  strengthen  the  encasement  of  the  face,  and  provide 
a  more  extensive  cranial  basis  for  the  large  masticatory 
apparatus ;  hence  its  large  size  in  anthropoid  and  fossil 
human  skulls.  Its  development  may  in  some  degree  be 
dependent  also  upon  sexual  elements,  for  it  is  commonly 
larger  in  the  male  than  in  the  female,  in  whom  it  frequently 
begins  to  grow  when  the  child-bearing  period  is  past.  The 
prominence  of  the  supra-orbital  ridges  is  due,  according  to 
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Fraipont,  to  the  size  of  the  facial  muscles.  Cams,1  on  the 
other  hand,  thought  they  were  most  strongly  developed  in 
animals  of  keen  sight. 

Much  has  been  made  of  the  frontal-  sinuses  that  inflate 
the  supra-orbital  ridges,  and  are  very  large  in  the  fossil 
skulls.  Huxley2  cited  evidence  showing  them  to  be  corre¬ 
lated  with  the  respiratory  apparatus.  Others  have  thought 
them  correlated  with  the  sense  of  smell.  The  frontal 
sinuses  are,  however,  in  nowise  different  from  those  of  the 
maxillary,  sphenoid,  ethmoid  and  mastoid  bones,  which  are 
merely  economical  methods  of  gaining  an  increase  of  bulk 
and  surface  with  no  increase  of  weight. 

The  supra-  orbital  ridges  terminate  laterally  in  the 
external  angular  processes,  which,  in  the  fossil  skulls,  are 
extremely  prominent.  This  process  in  the  Bengawan 
skull  measures  18  m.m.;  in  the  Neanderthal,  24  m.m.;  in 
Spy  cranium  No.  1,  16  m.m.;  in  Spy  cranium  No.  2,  14 
m.m.;  in  Cynocephalic  Australian  skulls,  from  12  to  20 
m.m.;  in  the  modern  European,  from  8  to  14  m.m.;  in  the 
gorilla,  about  40  m.m.;  in  the  chimpanzee,  frequently  30 
m.m.;  in  the  orang,  about  33  m.m.;  and  in  the  Siamang, 
about  22  m.m.  The  malar  part  of  the  temporal  muscle 
takes  its  origin  from  this  process,  so  that  its  prominence  in 
human  fossil  skulls  indicates  for  us  the  high  degree  to 
which  the  malar  part  of  the  temporal  muscle  was  developed 
in  fossil  man — a  development  indicative  of  a  heavy  burden 
of  work  upon  the  molar  teeth. 

A  prominent  external  angular  process  is  also  a  simian 
characteristic,  and  probably  also  a  feature  of  the  ancestral 
primate  stock. 

The  temporal  ridges  on  the  human  fossil  skulls  indicate 
for  us,  by  their  situation  on  the  parietal  bone,  and  also  by 
their  prominence,  the  degree  to  which  the  temporal  muscles 
were  developed.  The  temporal  ridges,  bounding  the  tem¬ 
poral  area  of  the  parietal,  are  decipherable  with  difficulty  in 
the  Bengawan  skull ;  they  are  easily  made  out,  but  not 

1  Quoted  by  Fraipont. 

2  Evidence  as  to  Man  s  Place  in  Nature. 
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specially  prominent,  in  the  Neanderthal  and  Spy  crania. 
On  the  anterior  part  of  the  Bengawan  calvaria  the  temporal 
ridges  run  parallel  to  the  upper  and  lower  borders  of  the 
parietal,  being  6o-m.m.  (?)  from  the  upper  border,  and  50 
m.m.  from  the  lower.  The  position  of  the  ridge  may  be 
stated  as  =  j£.  The  position  of  the  Neanderthal  temporal 
ridges  is  £ £ ;  of  Spy  cranium  No.  2,  ££  ;  of  Cynocephalic 
Australian,  from  ££  to  ££  ;  of  modern  European,  from  |4  to  ££. 
The  denominator  of  these  fractions  gives  an  index  to  the 
development  of  the  temporal  muscle,  by  indicating  the 
extent  of  its  origin.  Its  development  was  no  greater  in 
fossil  men  than  in  many  Australians  of  to-day  ;  but,  on  the 
other  hand,  it  exceeded  the  temporal  muscle  of  most 
modern  Europeans. 

To  appreciate  the  inferential  worth  of  the  temporal 
ridges  one  must  remember  that  their  position  depends 
upon  several  factors.  In  simian  and  human  foetuses  the 
temporal  muscle  covers  only  the  inferior  border  of  the 
anterior  part  of  the  parietal.  As  the  maxillary  apparatus 
grows,  the  muscle  ascends  towards  the  vertex  of  the  skull, 
preceded  by  the  temporal  ridges  as  osseous  waves.  The 
relative  height  to  which  they  reach  depends  principally 
upon  the  extent  of  cranial  capacity  ;  to  gain  a  sufficient 
area  of  origin  they  must  ascend  relatively  further  on  skulls 
of  a  low  than  on  those  of  a  high  cranial  capacity,  hence 
their  relatively  high  position  on  fossil  crania,  and  their 
complete  ascent  to  the  vertex  of  the  skull  in  anthropoids. 
The  only  other  factor  that  enters  largely  into  the  determina¬ 
tion  of  the  temporal  ridge  is  the  size  of  the  canine  teeth. 
The  larger  the  canine  teeth  the  greater  the  development 
and  ascent  of  the  temporal  ridges  ;  so  that  we  may  safely 
infer  that  the  canine  teeth  of  the  Bengawan  individual  were 
incisiform.  The  size  of  the  molar  teeth  determines  the 
development  of  the  temporal  ridges  only  to  a  minor  extent. 

7.  THE  CONFIGURATION  OF  THE  OCCIPITAL  REGION 

OF  HUMAN  FOSSIL  SKULLS. 

In  the  same  way  as  the  temporal  ridges  indicate  the  ex¬ 
tent  of  the  temporal  muscle,  the  occipital  and  mastoid  ridges 
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show  the  development  of  the  muscles  that  connected  the 
head  and  body — the  nuchal  muscles.  Much  importance 
has  been  placed  upon  the  form  of  the  occipital  region  of  the 
Neanderthal  skull  by  Huxley,  and  on  that  of  the  Bengawan 
by  Dubois.  Unfortunately,  only  in  Spy  cranium  No.  i  is 
the  part  below  the  occipital  ridge — the  nuchal  part — of  the 
squama  occipitalis  completely  present ;  a  fragment  of  the 
nuchal  part  is  seen  in  the  Bengawan  and  Spy  crania  No.  2  ; 
while  in  the  Neanderthal  skull  the  squama  occipitalis  is  pre¬ 
sent  only  as  far  as  the  occipital  ridge — the  supra-nuchal  part. 
There  are  two  methods  by  which  we  may  approximately 
estimate  the  amount  of  nuchal  surface  lost.  We  may  infer 
its  extent  from  the  corresponding  parts  of  similar  skulls,  or 
we  may  calculate  it  from  the  length  of  the  fronto-parietal 
arch.  In  the  skulls  of  anthropoids  and  men  the  squama 
occipitalis  forms,  in  the  large  majority  of  individuals,  about 
one-third  of  the  cranial  vault,1  the  frontal  and  parietal 
making  up  the  other  two-thirds  ;  thus  the  length  of  the 
squama  occipitalis  is  equal  to  half  the  fronto-parietal  arch. 
It  is  rarely  less  than  45  per  cent,  of  the  fronto-parietal 
part ;  so  that,  in  the  Bengawan  skull,  the  fronto-parietal 
arch  being  220  m.m.,  we  may  calculate  that  the  squama 
occipitalis  measured,  at  any  rate,  100  m.m.  If  so,  the 
nuchal  part  of  this  skull — lying  between  the  occipital 
foramen  and  crest — measured  66  m.m.,  as  the  supra-nuchal 
part  measures  only  34  m.m.  Making  a  similar  calculation 
for  the  Neanderthal  skull,  the  fronto-parietal  length  of 
which  is  nearly  250  m.m.,  it  is  found  that  the  lost  nuchal 
surface  must  have  extended  quite  50  m.m.  below  the 
occipital  crest ;  the  supra-nuchal  part  which  is  present 
measures  62  m.m.  In  Spy  cranium  No.  1  the  nuchal  part 
of  the  squama  occipitalis  measures  67  m.m.,  the  supra- 
nuchal  55  m.m.;  in  seven  Cynocephalic  Australian  crania 
the  supra-nuchal  varied  from  50  to  55  m.m.,  the  nuchal 

1  Cleland,  “An  Inquiry  into  the  Variations  of  the  Human  Skull, 
particularly  in  the  Antero-posterior  Direction,”  Phil.  Trans.,  vol.  clx., 
1870,  pp.  1 17-175.  Also  Duckworth,  “A  Critical  Study  of  the  Crania  of 
Aboriginal  Australians  in  Cambridge  Museum,”  J.  Anthrop.  Instil.,  vol. 
xxiii.,  1892. 
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from  45  to  55  m.m.;  and  in  modern  European  crania  the 
former  measures  from  65  to  85  m.m.,  the  latter  from  25  to 
45  m.m.  It  is  evident  that,  on  the  whole,  the  nuchal  sur¬ 
face  is  greater  in  the  ancient  than  in  the  modern  type  of 
skull ;  the  nuchal  muscles,  also,  must  have  been  developed 
to  a  correspondingly  greater  extent ;  on  the  other  hand,  the 
supra-nuchal  part  is  greater  in  modern  skulls,  because  the 
brain  is  bigger  and  the  nuchal  muscles  less  in  fossil  man. 
Both  the  ancient  and  modern  forms  are  entirely  human, 
and  resemble  the  occipital  configuration  found  in  baby  apes. 
In  baby  anthropoids,  as  in  men,  the  head  is  poised  upon 
the  body,  and  the  muscles  merely  fixed  for  purposes  of 
gentle  nodding  and  turning  the  head.  In  men  it  is  so 
through  life,  but  in  the  adult  anthropoids  the  head  has  to 
become,  as  it  were,  an  integral  part  of  the  trunk  in  order 
that  the  individual  may  exert  its  great  strength  through  its 
huge  jaws.  The  occipital  ridge  ascends  towards  the  vertex 
like  the  temporal,  and  thus  extends  the  nuchal  surface,  until 
a  crescentic  plateau,  continuous  with  the  mastoids,  offers  a 
firm  attachment  for  the  nuchal  muscles. 

Dubois  throws  much  stress  upon  the  fact  that  the 
occipital  ridge  (linea  nuchae  superior)  and  linea  nuchae 
inferior  emerge  together  from  the  external  occipital  pro¬ 
tuberance  (the  mesial  part  of  the  occipital  ridge).  These 
two  lines  enclose  the  insertion  of  the  complexus.  The 
complexus  has  a  similar  insertion  in  the  gibbon,  but  I  have 
been  unable  to  find  such  an  insertion  in  man.1  It  is 
probably  an  individual  peculiarity.  The  pit,  also,  which 
occurs  in  the  nuchal  surface  of  the  Bengawan  skull,  and 
marks  probably  the  insertion  of  the  rectus  posticus  miner , 
is  not  confined  to  gibbons,  as  Dubois  has  stated,  but  occurs 
in  many  human  skulls. 

In  most  of  the  many  lists  that  give  us  the  differential 
diagnosis  of  man,  it  is  stated  that  he  only  has  a  mastoid 
process.  Herein  the  anthropoids  have  been  wronged  ;  for 
although  the  simian  mastoid  may  not  have  the  human  form, 

1  Martin  ( Globus ,  bd.  lxvii.,  No.  14,  1895)  states  that  he  has  observed 
a  similar  arrangement  of  the  nuchal  lines  in  human  skulls. 
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yet  it  has  a  much  more  massive  development.  Unfortun¬ 
ately,  in  the  Bengawan  and  Neanderthal  skulls  the  mastoid 
region  is  wanting ;  but  the  arrangement  of  the  occipital 
crests  in  these  skulls  indicates  for  us  that  the  heads  were 
poised  upon  the  trunk,  so  that  the  mastoids  must  have 
been  approximately  similar  to  those  of  modern  men.  The 
mastoids  of  the  Spy  crania  measure  from  the  tip  to  the 
meatus  roof  about  26  m.m. ;  in  the  Cynocephalic  Australian 
skulls  the  measurements  vary  from  20  to  30  m.m.;  while 
those  of  modern  European  skulls  are  frequently  more  than 
30  m.m.  In  both  human  and  simian  babies  the  mastoid 
process  is  absent ;  in  the  first,  with  years,  it  grows  down¬ 
wards  to  give  its  muscles  leverage  for  gentle  nodding  and 
turning  movements  ;  in  the  second,  it  grows  outwards  to 
form  the  lateral  parts  of  the  occipital  plateau,  and  thus 
enlarge  the  surface  for  fixation  of  the  nuchal  muscles.  This 
latter  also  is  probably  the  primitive  form,  but  we  cannot 
say  that  the  fossil  human  skulls  show  any  approach  thereto. 


8.  CHARACTERISTICS  OF  THE  CRANIAL  VAULTS  OF 

HUMAN  FOSSIL  SKULLS. 

The  Cynocephalic  aspect — the  retreating  forehead  and 
depressed  crown — of  the  Bengawan,  Neanderthal,  Spy  and 
some  Australian  crania  is  due  to  the  absence  of  the  frontal 
and  parietal  flexures  of  the  vault.  In  most  modern  crania 
the  frontal  is  bent  so  that  part  of  it  looks  forward  and  gives 
a  basis  to  the  brow,  while  the  other  part  enters  into  the 
formation  of  the  cranial  roof.  The  parietal  is  also  bent,  so 
that  anteriorly  it  forms  part  of  the  roof,  posteriorly  rather  a 
part  of  the  posterior  cranial  wall.  Why  the  cranial  vault 
should  be  flexed  abruptly  in  most  modern,  and  gradually  in 
most  fossil,  crania  is  not  known,  but  there  can  be  no  doubt 
that  in  this  respect  the  fossil  crania  make  a  nearer  approach 
to  the  primitive  type  and  simian  form  than  do  modern 
skulls. 

In  the  Bengawan  skull  an  obtuse  ridge  runs  along  the 
position  of  the  median  frontal  suture  and  the  anterior  part 
of  the  sagittal  suture.  It  frequently  occurs  in  human  crania 
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of  the  cynocephalic  type,  sometimes  in  idiots,1  but  has  never 
been  observed  in  anthropoid  skulls.  Its  meaning  is  quite 
unknown. 

Idiots’  skulls2  not  unfrequently  manifest  these  cynoceph¬ 
alic  characters,  and  it  has  been  supposed  that  the  Bengawan 
skull  may  have  belonged  to  such  an  individual.  Although 
idiot  skulls  manifest  a  great  variety  of  forms,  there  has 
never  been  one  recorded  that  even  approximates  the  con¬ 
formation  of  the  Bengawan  skull.  There  is  no  reason  why 
an  idiot  may  not  have  such  a  brain  case  as  that  of  the 
Bengawan  ;  only  it  must  be  excessively  rare,  and  the 
chances  are  enormously  against  such  being  found  in  a 
fossil  state. 

9.  THE  FACIAL  PARTS  OF  FOSSIL  SKULLS. 

The  facial  parts  of  the  Bengawan  skull  are  quite  want¬ 
ing.  The  supra-orbital  ridge,  which  formed  the  upper 
boundary  of  its  face,  measures  from  end  to  end  110  m.m., 
and  the  corresponding  ridges  in  the  Neanderthal  and  Spy 
crania  slightly  exceed  120  m.m.,  neither  of  these  measure¬ 
ments  differing  greatly  from  those  of  modern  skulls. 

Only  in  Spy  cranium  No.  r  can  the  dimensions  of  the 
orbit  be  calculated.  Transversely  the  orbits  of  that  skull 
measure  40  m.m.,  and  vertically  38  m.m.,  proportions  which 
are  in  no  way  peculiar. 

The  inter  -  orbital  breadth  is,  in  the  Neanderthal 
skull,  30  m.m.;  in  Spy  cranium  No.  1,  30  m.m.;  No.  2,  30 
m.m.;  in  Australian  skulls,  from  22  to  28  m.m.;  in  negro 
skulls,  frequently  over  30  m.m.;  in  European  skulls,  fre¬ 
quently  over  25  m.m.;  in  adult  gorillas,  from  24  to  28  m.m.; 
in  chimpanzees,  22  to  26  m.m.;  and  in  orangs,  commonly 
under  20  m.m.  The  inter-orbital  breadth  depends  to  some 
extent  upon  the  development  of  the  upper  turbinate  bones, 
which  in  turn  depend  upon  the  degree  in  which  the  sense 

1  Cunningham  and  Telford  Smith,  “  The  Brain  and  Cranium  of  a 
Microcephalic  Idiot,”  Trans.  Roy.  Dub.  Soc.,  vol.  v.,  pt.  viii.,  p.  340. 

2  Humphry,  “Notes  on  Nineteen  Microcephalic  Skulls,” Journ.  Anat. 
and  Physiology  Feb.,  1895. 
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of  smell  is  present.  In  the  orang,  for  instance,  the  upper 
turbinate  bones  are  less  developed  (more  rudimentary)  than 
in  any  of  the  higher  primates,  and  the  inter-orbital  space  is 
proportionally  narrower.  Its  extent  also  depends  to  some 
degree  upon  the  size  of  the  ethmoid  and  lachrymal  air- 
sinuses.  Notwithstanding,  this  space  may  be  used,  in  the 
primates  at  least,  as  some  indication  of  the  acuteness  of 
smell  ;  it  may  therefore  be  inferred,  from  the  wide  inter¬ 
orbital  spaces  of  the  fossil  men,  that  this  sense  was  well 
developed  in  them. 

10.  WHAT  ARE  THE  IMPRINTS  OF  SPEECH  UPON  THE 
FACIAL  PARTS  OF  THE  SKULL,  AND  DO  HUMAN 
FOSSIL  SKULLS  POSSESS  THEM? 

Of  the  facial  parts  of  the  human  skull,  specially  modified 
for  speech,  the  prominent  ascending  nasal  processes  of  the 
superior  maxillary,  the  short  vertical  alveolar  borders  of  the 
jaws,  and  the  presence  of  a  triangular  mental  eminence,  are 
amongst  the  chief.  Unfortunately,  only  in  Spy  cranium 
No.  1  are  the  superior  maxillaries  even  fragmentarily 
represented,  but  they  have  every  indication  of  the  usual 
human  conformation. 

Fortunately,  however,  the  mental  space  or  eminence  is 
completely  preserved  in  two  fossil  jaws — the  Naulette  and 
Spy  No.  1.  On  these  two  jaws,  as  on  those  of  all  modern 
men,  the  mental  lines  sweep  forward  above  the  inferior 
borders  of  the  jaw  until  they  approach  the  symphisis  menti, 
when  they  turn  up  towards,  and  meet  some  distance  below, 
the  incisor  teeth.  They  cut  off  a  rough,  triangular  space 
with  its  base  at  the  lower  border  of  the  bony  chin,  and  its 
apex  directed  towards  the  teeth.  In  most  modern  jaws 
this  space  is  raised  so  that  it  is  in  advance  of  the  teeth, 
presenting  advantageous  points  of  fixation  for  the  inferior 
labial  muscles.  In  the  fossil  jaws  the  triangular  space  is 
not  raised;  in  the  Naulette  jaw  it  is  flush  with  the  inferior 
incisors  ;  in  the  Spy  jaw  it  is  behind  them.  The  arrange¬ 
ment  of  the  mental  lines  being  the  same  in  human  fossil 
jaws  as  in  modern  ones,  one  naturally  infers  that  the 
muscles  which  arose  from  them  were  adapted  to  similar 


PITHECANTHROPUS  ERECTUS,  ETC. 


365 


purposes,  and  were  therefore  subservient  for  speech.  The 
arrangement  of  the  mental  lines  in  anthropoids  is  quite 
different.  They  turn  up  in  front  of  the  inferior  canine 
teeth,  and  -enclose  between  them  a  quadrilateral  rough 
surface  corresponding  to  the  triangular  mental  space  of 
man.  In  anthropoids  this  space  retreats  rapidly  down¬ 
wards  and  backwards,  a  feature  in  which  fossil  man  re¬ 
sembles  apes  much  more  than  modern  man,  and  shows  also, 
I  think,  that  fossil  man  was  less  highly  adapted  for  speech. 

Other  speech  indications  are  the  short  wide  almost 
semicircular  shape  of  the  jaws,  of  the  palate,  and  of  the 
dental  series;  the  presence  of  an  incisiform  canine,  the  confor¬ 
mation  of  the  posterior  aspect  of  the  mandibular  symphysial 
region,  and  the  prominence  of  the  mylo-hyoid  ridge.  All 
these  indications  are  as  well  marked  in  the  Spy  and 
Naulette  as  in  many  Australian  jaws.  The  canines  of  the 
Bengawan  skull  were  probably  incisiform,  as  we  know  from 
the  temporal  ridges  ;  and  the  molar  tooth  strongly  suggests 
that  it  possessed  a  semicircular  dental  series.  The  evidences 
of  speech  in  the  Bengawan  skull  are,  however,  strictly 
negative. 

O 

II.  THE  teeth  of  fossil  man. 

Much  stress  has  been  put  upon  the  conformation  of  the 
teeth,  as  evidence  of  the  line  of  descent,  by  Topinard  1 2  and 
Coped  Unfortunately,  we  know  the  teeth  of  fossil  men 
only  by  more  or  less  worn  specimens  derived  from  the  Spy, 
Naulette,  Bengawan,  Schipka  Engis,  D’Arcy-sur-Cure  and 
Tilbury  finds.  The  incisors,  canines  and  premolars,  al¬ 
though  of  goodly  size,  offer  no  features  dissimilar  from 
quite  common  forms  of  to-day.  On  the  other  hand  the 

1  “  L’Evolution  des  Molaires  et  des  Premolaires  chez  les  Primates  et 
en  particular  chez  l’Homme,”  L'  Anthropologie,  tome  iii.,  1892,  pp.  641- 

710. 

2  “  On  the  Tribercular  Tooth  in  Human  Dentition,”  Jour?ial  of 
Morphology ,  vol.  ii. ,  pp.  1-24  ;  also  Americafi  Naturalist,  vol.  xx.,  pp.  941 
and  947;  also  his  paper  on  “The  Genealogy  of  Man,”  American  Naturalist, 
vol.  xxvii.,  p.  316.  See  also  Forsyth  Major’s  paper  “On  the  Teeth  of 
Miocene  Squirrels,”  Proc.  Zool.  Soc.  Lond .,  1893. 
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molar  teeth,  specimens  of  which  we  know  from  the  Spy, 
Naulette  and  Bengawan  remains,  are  quite  human  yet  quite 
peculiar. 

The  peculiarity  of  the  Spy  and  Naulette  molar  series 
lies  not  in  any  singularity  in  size,  but  in  the  complete 
development  of  each  individual  tooth.  The  Naulette  in¬ 
ferior  molar  series  measures  antero-posteriorly  31  m.m.  ; 
the  Spy  No.  1,  31  m.m.  ;  the  Spy  No.  2,  34  m.m. — 
measurements  which  are  large,  but  not  exceptionally  so.1 
The  first  and  second  inferior  molars  of  these  three  in¬ 
dividuals  are  in  no  way  peculiar  ;  the  first  has  five  cusps, 
and  the  second  four,  arranged  after  the  usual  manner.  The 
third  tooth  of  the  lower  molar  series,  however,  differs  from 
the  vast  majority  of  its  modern  representatives  in  being  the 
largest  of  the  series.  In  the  Naulette  jaw  it  measures 
antero-posteriorly  12*5  m.m.;  transversely,  11  m.m.;  in  Spy 
No.  1,  11  m.m.  x  11  m.m.,  and  in  Spy  No  2,  11-5  m.m. 
x  1 1  -5  m.m. 

The  upper  molar  series  of  the  fossil  men  are  singular  in 
showing  the  third  molar  (wisdom  tooth)  fully  developed. 
The  dimensions  of  the  molar  series  in  the  Spy  sets  are  not 
at  all  remarkable,  measuring  in  No.  1,  28*5  m.m.  antero- 
posteriorly  and  11  m.m.  transversely;  in  No.  2,  33  m.m.  x 
12  to  13  m.m.  The  molar  series  in  the  Bengawan  skull, 
judging  from  the  size  of  the  third  molar,  must  have  been 
of  extraordinary  dimensions.  The  third  molar  of  the 
Bengawan  series  measures  11*3  m.m.  antero-posteriorly 
and  15*3  m.m.  transversely,  against  10  m.m.  and  12*5  m.m. 
— the  corresponding  dimensions  of  the  third  molar  of  Spy 
cranium  No.  2.  Wisdom  teeth,  which  show  the  greatly 
subdivided  and  broken-up  arrangement  of  cusps  seen  in  the 
Bengawan  tooth,  never  possess,  either  in  anthropoids  or 
men,  an  antero-posterior  diameter  more  than  three-fourths 
of  either  the  first  or  second  molars.  We  may  infer,  there¬ 
fore,  with  some  degree  of  certainty,  that  the  Bengawan 
molar  series  measured  antero-posteriorly  at  any  rate  37 

1  Flower,  “The  Size  of  Teeth  as  a  Character  of  Rac zC  Jour n.  Anthrop. 
Inst  it.,  vol.  xiv.,  1885,  pp.  182-187. 
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m.m.  A  Macrodont  Tasmanian  skull,  in  the  Museum  of 
the  Royal  College  of  Surgeons  of  England,  has  a  molar 
series  that  measures  35  m.m.;  the  molar  series  of  a  Malay 
skull,  in  the  Museum  of  Natural  History,  South  Kensing¬ 
ton,  measures  fully  35  m.m.,  while  approximations  to  these 
measurements  in  Macrodont  races  are  not  uncommon.  But 
in  none  of  these  skulls  do  the  wisdom  teeth  rival  the  15*3 
m.m.  breadth  of  the  Bengawan  tooth,  the  nearest  approach 
being  14*3  m.m.,  observed  in  a  South  Kensington  Malay 
skull. 

The  three  fangs  of  the  Spy  wisdom  teeth  are  not  con¬ 
joined  and  fused  together  as  so  commonly  occurs  in  modern 
man,  but  are  separate  and  distinct  as  in  many  Australians 
and  negroid  individuals.  The  two  inner  fangs  of  the  Benga¬ 
wan  tooth  are  conjoined. 

The  four  cusps  and  oblique  ridge  of  the  Spy  wisdom 
teeth  are  fully  developed,  a  development  which  Cope  1  has 
seen  only  once,  and  that  in  the  tooth  of  an  Australian 
native.  This  eminent  authority  regards  the  Spy  wisdom 
teeth  as  characteristic  and  representative  of  the  early 
human  race,  and  in  the  full  development  of  their  cusps 
as  an  approximation  to  the  common  and  simian  type. 

The  imperfect  development  of  the  upper  wisdom  teeth 
is  not  infrequently  stated  to  be  a  human  attribute ;  the 
extent  of  the  imperfection  is  human  ;  to  a  greater  or  less 
degree  it  is  met  with  in  the  wisdom  teeth  of  most  chimpan¬ 
zees,  many  orangs,  and  gibbons,  but  very  seldom  in  the 
gorilla  and  siamang.  The  development  of  cusps,  seen  in 
the  Bengawan  tooth,  is  a  condition  not  uncommonly 
occurring  in  the  wisdom  teeth  of  orangs,  chimpanzees,  and 
some  negroid  individuals.  The  cusps  have  become  sub¬ 
divided.  The  antero-internal  cusp  (=  A.I.),  which  forms 
the  larger  half  of  this  tooth,  shows  an  indistinct  separation 
into  three  parts.  The  ridge,  which  proceeds  from  this 
cusp  to  join  with  the  ridge  from  the  opposite  cusp  A.E.  to 
form  the  anterior  “rein”  of  Topinard,2  is  fully  developed. 

1  American  Naturalist ,  vol.  xxvii.,  p.  316. 

2  L Anthropologies  1892,  p.  641. 
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The  oblique  ridge — posterior  rein  of  Topinard — is  very 
partially  present,  being  represented  only  by  that  part  which 
springs  from  the  antero-internal  cusp.  The  other  three 
cusps  (A.E.,  P.E.  and  P.I.),  fused  together  and  with  the 
cingulum  of  the  crown,  form  on  the  postero-external  side  of 
the  tooth  a  crenated  border,  subdivided  into  nine  minor 
cusps.  This  crenated  border  markedly  recalls  the  multi- 
cuspidate  buccal  margin  of  the  ornithorynchus  tooth. 

The  enamel  of  the  crown  is  crenated,  as  one  sometimes 
sees  in  the  wisdom  teeth  of  negroid  people.  It  is  the 
persistence  of  an  embryonic  character.  Molar  teeth  of  the 
orang  show  a  somewhat  similar  enamel-crenation. 

12.  THE  BONES  OF  THE  LIMBS. 

Counterparts  for  the  massive  and  bent  Spy  and  Nean¬ 
derthal  femora  can  be  found  in  collections  of  Patagonian 
skeletons.  The  Bengawan  thigh  bone  might  easily  be 
mistaken  for  that  of  a  London  lady  or  an  Australian 
woman.  The  Bengawan  femur  has  every  geological  claim 
to  antiquity  that  the  calvaria  and  tooth  possess,  and  stands 
in  a  plight  exactly  parallel  to  that  of  the  Engis  skull — in 
danger  of  being  rejected  because  it  is  of  modern  form.  It 
seems  to  me,  however,  highly  probably  that  the  frame  of 
man  reached  its  perfection  for  pedal  progression  long  before 
his  brain  attained  its  present  complex  structure.  If  one  con¬ 
ceives  this  probable  or  even  possible,  there  is  no  hindrance 
to  awarding  the  femur  to  the  Bengawan  woman. 

All  the  other  bones  belonging  to  the  limbs  and  trunks 
of  fossil  men,  such  fragments  as  we  know  of  them,  support 
the  contention  that  the  human  frame  was  matured  before 
early  Quaternary  times. 

SUMMARY  AND  CONCLUSION. 

Our  human  geological  record  stretches  as  yet  back  only 
to  an  early  post-tertiary  period.1  The  millions  of  men  that 

1  Dubois  uses  the  ambiguous  term  Pleistocene — I  understand  him  to 
refer  to  an  early  Quaternary  period. 
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must  have  lived  in  these  early  times  are  known  to  us  by 
only  four  specimens  complete  enough  to  permit  of  their 
reconstruction.  But,  taking  these  as  samples  of  their  race, 
we  can  say  with  some  assurance  that  man  has  not  changed 
much  since  the  Tertiary  period  of  the  earths  history  closed. 
The  majority  of  men  were  distinctly  and  considerably 
smaller-brained  than  the  great  majority  of  the  men  that 
now  people  the  earth’s  surface.  Their  faces,  jaws,  teeth 
and  muscular  ridges  were  more  pronounced.  Since 
Tertiary  times  the  human  structural  progress  has  lain  in 
an  increase  of  brain,  and  a  diminution  in  the  masticatory 
and  alimentary  systems.  In  these  features  we  may  suppose 
that  early  Quaternary  man  approached  the  primate  ancestors 
of  the  race  ;  in  these  features  he  certainly  comes  nearer  the 
present  simian  type.  But,  for  the  purpose  of  giving  us  a 
clue  to  the  human  line  of  descent,  the  fossil  remains  at 
present  known  assist  us  not  one  single  jot.  Their  con¬ 
figuration  is  quite  conformable  to  the  theory  of  a  common 
descent;  they  bear  out  the  truth  of  that  theory.  They  also 
show  us  that  man  since  the  Tertiary  period  has  changed 
structurally  very  little.  There  is  nothing  remarkable  in 
this,  for  allied  primate  forms  ( Paleopithecus  sivalensesx  and 
Dryopithecus1  2)  demonstrate  to  us  that,  since  the  Miocene 
period,  the  anthropoid  type  has  changed  but  slightly.  We 
need  not  then  be  surprised  at  being  obliged  to  seek  deep 
within  the  Tertiary  formations  the  evidences  of  human 
descent. 

Arthur  Keith. 


1  Lydekker,  “Further  Notices  of  Siwalik  Mammalia,”  Records  of  the 
Geological  Survey  of  India,  vol.  xii.,  1879,  p.  33. 

2  Gaudry,  Mem.  Soc.  Geol.  France,  vol.  i. 
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IN  the  eyes  of  a  geologist,  Northern  Africa,  with  all 
its  political  complications,  falls  into  two,  and  only  two, 
great  divisions.  They  are  of  very  unequal  extent,  and  the 
boundary  between  them  lies  along  the  southern  flanks  of 
the  Atlas  Mountains.  In  the  northern  division,  in  Tunis, 
Algeria,  and  Morocco,  the  rocks  have  been  thrown  into 
folds  which  run  somewhat  north  of  east  ;  and  these  folds 
have  given  rise  to  mountain  chains  approximately  parallel 
to  the  Sierras  of  Spain.  This  part  of  Africa,  indeed,  as  even 
so  ancient  a  writer  as  Sallust  has  remarked,  is  physically  a 
part  of  Europe.  South  of  the  Atlas,  on  the  other  hand, 
even  the  Devonian  and  Carboniferous  beds  are  nearly 
horizontal,  and  they  form  broad  plateaux  instead  of  narrow 
mountain  chains.  It  is  this  division,  the  Sahara,  with 
which  the  present  article  is  concerned. 

Sahara  is  a  word  of  doubtful  origin,  and  in  its  applica¬ 
tion  it  is  somewhat  vague.  In  its  widest  sense  it  includes 
the  whole  of  that  portion  of  Africa  which  extends  from  the 
Atlas  southwards  to  the  fertile  districts  of  the  Soudan  ;  and 
from  the  Atlantic  eastwards  to  the  borders  of  the  Red  Sea. 
Even  the  shores  of  the  Mediterranean,  from  the  Gulf  of 
Gabes  to  the  Suez  Canal,  belong  to  it  ;  and  Egypt  and  the 
Nubian  Desert  lie  within  its  limits.  But  to  confine  the 
article  within  reasonable  bounds,  the  valley  of  the  Nile 
and  the  regions  to  the  east  must  be  left  for  future  con¬ 
sideration. 

In  its  physical  features  the  Sahara  of  Northern  Africa 
is  very  different  from  the  Sahara  of  our  older  text-books. 
It  is  not  the  broad,  low-lying  waste  of  sand  which  they 
depict ;  but  the  greater  part  is  occupied  by  a  succession 
of  elevated  rocky  plateaux,  and  the  sandy  deserts  form  a 
comparatively  small  part  of  the  whole.  The  largest  of  the 
sandy  wastes  is  the  Libyan  Desert,  between  Fezzan  and  the 
Nile  ;  while  in  the  west  the  most  extensive  are  those  of 
Igidi  and  El  Juf. 


GEOLOGICAL  SKETCH  OF  THE  SAHARA. 

The  Pliocene  deposits  are  included  with  the  Quaternary  in  this  map. 
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In  the  centre  of  the  region  rise  several  mountain  masses 
of  considerable  altitude.  The  most  important  is  the  Tarso 
range  in  Tibesti,  the  culminating  peak  of  which  is  estimated 
by  Nachtigal  to  attain  a  height  of  about  7900  feet.  Another 
great  mountain  mass  is  the  Ahaggar,  in  the  country  of  the 
Tuareg.  Both  of  these  are  supposed  to  consist  of  Archaean 
rocks  :  the  sedimentary  deposits  form  plateaux  rather  than 
mountains. 

Even  the  sandy  wastes  themselves  lie  at  a  considerable 
elevation  ;  and  the  only  parts  of  Northern  Africa  which  are 
sunk  beneath  the  level  of  the  sea  are  the  Tunisian  Shotts, 
west  of  the  Gulf  of  Cabes  ;  and  perhaps  a  strip  of  country 
between  the  Gulf  of  Sidra  and  the  Oasis  of  Siwa,  or  Jupiter 
Ammon.  The  Shotts  have  been  carefully  surveyed  by 
the  French  Government  (1) ;  but  the  elevation  of  the  oases 
west  of  Siwa  has  been  determined  only  by  barometrical 
observations,  and  the  results  of  two  expeditions  differ  by 
more  than  100  metres. 

So  greatly  do  the  plateaux  exceed  the  lower  lying 
districts  in  extent,  and  so  considerable  is  the  elevation  even 
of  the  deserts,  that  Chavanne  estimates  the  average  height 
of  the  Sahara  at  460  m.  (2)  above  the  sea-level,  and  accord¬ 
ing  to  him  the  region  is  constituted  as  follows  (3,  p. 
789) : — 

Hamadas  and  Serirs,1  3,600,000  sq.  kilos;  steppes,  1,500,000  sq.  kilos. 

Rocks  and  mountains,  2,000,000  „  sand,  350,000  ,, 

Oases  and  cultivated  ground,  200,000  sq.  kilos. 

For  fuller  information  on  the  physical  features  of  the 
Sahara,  I  cannot  do  better  than  refer  to  the  admirable 
description  in  Reclus’  Gdographie  Universelle  (3),  and  to 
the  monograph  of  H.  Schirmer  (4). 

Although  many  travellers  have  penetrated  into  the 
difficult  and  dangerous  regions  of  the  Sahara,  few  of 
them  have  had  any  pretensions  to  a  knowledge  of  geology. 

1  The  Hamadas  and  Serirs  are  stony  plateaux  destitute  of  vegetation 
and  almost  of  soil. 
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The  earlier  explorers,  such  as  Lyon  (5),  and  Denham  and 
Clapperton  (6),  lived  before  the  days  of  modern  geology. 
It  is  true  that  Lyon’s  specimens  were  examined  by  Buck- 
land  (5,  pp.  361-369),  and  Denham’s  by  Konig  (6,  pp.  247- 
261)  ;  but  the  specimens  were  too  few  and  the  state  of  the 
science  too  imperfect  to  allow  of  any  but  erroneous  con¬ 
clusions.  In  more  recent  years,  misfortune  has  attended 
the  footsteps  of  two  at  least  of  the  few  who  have  been 
qualified  to  make  geological  observations.  The  French 
geologist,  Roche,  perished  in  the  massacre  of  the  ill-fated 
second  expedition  under  Flatters  ;  and  Overweg,  the  com¬ 
panion  of  Richardson  and  Barth,  fell  a  victim  to  the  climate 
of  the  shores  of  Lake  Tsad. 

We  are  compelled  then  to  rely,  to  a  considerable  extent, 
on  scattered  observations  made  by  travellers  who  devoted 
themselves  chiefly  to  other  matters  ;  and  if  it  were  not  that 
the  structure  of  the  region  is  singularly  simple,  the  geology 
of  the  Sahara  would  be  almost  unknown.  But  the  imper¬ 
fect  notes  of  these  explorers  serve  to  fill  in  the  gaps  left 
between  the  fuller  observations  of  more  skilled  geologists  ; 
and  it  is  possible,  as  Rolland  and  others  have  shown,  to 
form  a  picture  of  the  geological  structure  of  the  whole 
region.  No  doubt  such  a  sketch  as  our  present  materials 
allow,  will  be  faulty,  and  undoubtedly  it  must  be  incomplete  ; 
but  it  cannot  be  entirely  devoid  of  interest,  and  if  its 
imperfections  be  borne  in  mind,  it  may  not  be  without 
its  use. 

Pomel  (7)  was  the  first  to  attempt  a  general  description 
of  the  geology  of  the  Sahara  ;  and  although  our  knowledge 
is  wider  now,  his  account  is  still  of  value.  More  recently 
Zittel  (8)  and  Suess  (9)  have  endeavoured  to  collect  and 
harmonise  the  geological  notes  of  travellers  in  these 
regions;  and  within  the  last  few  years  Rolland  (10,  11) 
has  applied  himself  to  the  same  task. 

The  explorers  to  whom  these  writers  look  for  the 
principal  part  of  their  facts  are  Lenz  (12)  in  the  Western 
Sahara,  Roche  (13,  14)  and  Rolland  (15)  in  the  Algerian 
Sahara,  Overweg  (16,  17)  in  Tripoli  and  Fezzan,  and 
Zittel  (8)  in  the  Libyan  Desert.  The  accounts  of  these 
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regions  are  tolerably  complete  ;  but  in  the  central  parts  of 
the  Sahara  we  have  little  besides  the  notes  of  Barth  (18) 
and  Rohlfs  (19),  who  were  not  geologists.  It  is  to  be 
regretted  that  so  careful  an  observer  as  Nachtigal  (20) 
should  have  told  us  so  little  of  the  character  of  the  rocks 
over  which  he  passed. 

With  regard  to  maps  the  Sahara  is  highly  favoured,  for  so 
inhospitable  a  country.  The  sketches  of  Suessand  Rolland 
are  accompanied  by  geological  maps,  and  Zittel  is  respon¬ 
sible  for  the  map  of  Africa  in  Berghaus’  Geological  Atlas 
(21).  Rolland’s  map,  with  some  slight  alterations  and 
improvements,  is  reproduced  by  Schirmer  (4,  p.  9). 

All  these  general  maps  are  based  mainly  upon  Lenz’ 
geological  map  of  West  Africa  (22),  Rolland’s  of  the 
Algerian  Sahara  (15),  and  Zittel’s  of  the  Libyan  Desert  (8). 

Speaking  broadly,  the  Sahara  is  geologically  the 

southern  half  of  an  enormous  basin.  The  outer  rim. 

✓ 

which  is  not  perfect,  is  formed  by  granite,  gneiss,  and  other 
crystalline  rocks,  presumed  to  be  of  Archaean  age.  Such 
rocks  occur  along  the  west  coast,  south  of  the  Wadi  Draa, 
and  throughout  the  Tiris  country.  In  Senegambia  they 
are  replaced  by  slates  and  quartzites,  doubtfully  referred  to 
the  Silurian.  But  gneiss  reappears  in  the  Kong  Mountains, 
and  there  is  reason  to  believe  that  Archaean  rocks  extend 
nearly  continuously  across  the  Soudan  as  far  as  Khartum. 
Here  again,  as  in  the  west,  the  rim  is  broken  by  a  strip  of 
later  rocks  ;  but  granite  and  gneiss  reappear  further  north, 
and  form  the  eastern  border  of  the  continent. 

Within  this  rim  there  is  a  vast  area  of  Palaeozoic  rocks, 
while  the  centre  of  the  basin  is  occupied  by  Cretaceous  and 
Tertiary  deposits.  Jurassic  beds  are  unknown  except  in 
the  extreme  north,  on  the  borders  of  Tunis  (23);  and  of  the 
Trias  there  is  probably  no  trace.1 

Granitic  and  gneissic  rocks. — On  Lenz’  map  of  West 
Africa,  a  broad  belt  of  Devonian  and  Carboniferous  rocks 

1  Berghaus’  map  shows  Trias  and  Dyas  at  various  points  on  Barth’s 
route  from  Kuka  to  Timbuktu,  and  a  large  area  in  Kordofan.  Of 
the  first  the  evidence  is  extremely  unsatisfactory ;  the  second  will  be 
discussed  in  a  future  article. 


376 


SCIENCE  PROGRESS. 


is  marked  in  the  north-western  part  of  the  Sahara.  The 
whole  of  the  I oidi  Desert  and  most  of  the  land  between  this 

o 

and  the  Atlas  is  included  in  the  belt.  But  the  country  of 
Tiris,  which  lies  north  of  Cape  Blanco,  is  coloured  as  a 
wedge  of  Quaternary  deposits  between  the  older  rocks  and 
the  sea.  Vincent,  however,  long  ago  described  Tiris  as  a 
granitic  plateau  (24,  p.  23),  and  more  recently  Quiroga  has 
shown  that  the  greater  part  of  the  district  is  occupied  by 
granitic  and  gneissic  rocks  (25).  Some  of  these  he  refers 
to  the  Archaean,  while  others  (including  an  elaeolite  syenite) 
he  believes  to  be  eruptive.  There  is  a  narrow  band  which 
he  considers  to  be  of  Palaeozoic  age. 

Douls,  too,  describes  granite  on  both  sides  of  the 
Wadi  Chebika  (south  of  the  Wadi  Draa)  (26,  p.  456)  ;  and 
it  is  probable  that  granitic  rocks  form  a  belt  along  the  west 
coast,  separated  from  the  sea  by  a  narrow  band  of  Pliocene 
and  recent  deposits. 

This  belt  of  crystalline  rocks,  however,  does  not  appear 
to  extend  far  to  the  south.  West  of  Shinghit,  Panet  (27, 
pp.  103,  104)  describes  the  occurrence  of  slate,  agglomerate 
and  sandstone,  together  with  what  he  believed  to  be  basalt. 
Lenz  has  coloured  these  as  Silurian.  In  Senegambia,  too, 
which  Lenz  himself  has  traversed,  his  map  shows  the  whole 
region  to  be  made  of  slate  and  quartzite,  with  laterite  in  the 
valleys  (22).  It  is  not  till  we  reach  the  Kong  Mountains 
that  we  again  come  upon  an  extensive  area  of  gneissic 
rocks. 

The  gneiss  of  these  mountains  probably  extends  into  the 
bend  of  the  Niger  nearly  to  Timbuktu  ;  for  Barth,  on  his 
journey  from  Say  to  that  town,  noted  granite  at  several 
points  (see  map  in  18,  vol.  iv.).  The  most  remarkable, 
however,  of  the  rocks  which  he  observed,  were  in  the 
Hombori  Mountains.  In  his  sketch  (18,  iv.,  p.  336)  these 
hills  appear  like  lofty  towers  resting  upon  conical  mounds  of 
detritus.  It  is  difficult  to  believe  that  gneiss  or  granite 
could  weather  into  these  forms,  and  they  are  more  sug¬ 
gestive  of  columnar  lavas.  Barth  himself  does  not  state  the 
character  of  the  rock,  although  on  his  map  he  records  a 
granitic  peak  close  by.  But  whatever  the  Hombori  hills 
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may  be,  the  number  of  points  at  which  granite  occurs 
justifies  us  in  concluding  that  a  large  part  of  the  region 
enclosed  in  the  great  bend  of  the  Niger  is  composed  of 
granite  or  gneiss. 

It  does  not  appear,  however,  that  these  rocks  extend 
much  farther  to  the  north.  It  is  true  that  Barth  notes 
granitic  boulders  in  the  course  of  the  Niger  some  150  miles 
east  of  Timbuktu  ;  but  near  the  point  where  the  river 
bends  from  east  to  south,  stratified  rocks  occur  on  the  north 
side  of  the  river,  and  south  of  Gogo  there  are  steep  sand¬ 
stone  cliffs.  At  Say  itself  sandstone  also  occurs. 

East  of  the  Niger,  between  Say  and  Sokoto,  and  again 
nearly  as  far  as  Katsena,  there  are  no  records  of  rock,  and 
the  country  is  for  the  most  part  a  plain.  But  a  little  west 
of  Katsena,  Barth  again  mentions  granitic  rock  ;  and 
granite  also  occurs  at  intervals  as  far  as  Mashena. 

We  have  now  traced  the  granitic  rim  of  the  Sahara 
basin  from  the  Tiris  country  to  the  plains  of  Lake  Tsad, 
where  it  is  lost  under  recent  deposits.  But  there  are  several 
masses  of  granite  which  appear  to  be  separated  from  the 
main  belt,  and  which  rise  up  in  the  midst  of  the  sedimentary 
deposits  within  the  basin.  Lenz  records  granite  in  El 
Eglab  on  the  southern  border  of  the  Igidi  Desert  (12,  vol. 
ii.,  p.  60)  ;  and  according  to  Barth,  a  considerable  part  of 
the  Air  country  is  made  of  granite.  In  Air  it  is  associated 
with  flows  of  basalt,  and  both  on  the  north  and  the  south 
it  is  overlaid  by  the  sandstone  which  occupies  such  wide 
areas  in  the  Central  Sahara  (18,  vol.  i.). 

But  a  much  more  extensive  Archaean  mass  than  either 
of  these,  is  that  which  forms  the  Ahaggar.  Both  Barth  and 
von  Bary  passed  to  the  east  of  these  mountains  on  their 
way  from  Ghat  to  Air  ;  and  both  of  them  found  the 
country,  from  the  Wadi  Egeri  southwards,  to  consist  mainly 
of  granite  (18,  vol.  i.,  map;  29,  12th  Jan.,  1877).  Here 
and  there  the  granite  is  overlaid  by  plateaux  of  sandstone, 
which  seem  to  be  tongues  projecting  west  from  the  more 
extensive  plateau  crossed  by  Nachtigal  and  Rohlfs  on 
their  way  to  Kuka. 

Into  the  centre  of  the  Ahaggar  no  European  traveller 
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has  yet  penetrated  ;  but  it  is  probable  that  the  granite 
which  Barth  and  von  Bary  crossed,  is  simply  the  eastern 
part  of  a  mass  of  crystalline  rock  of  which  the  Ahaggar  is 
the  centre.  It  is  true  that  Ismail-Bou-Derba  is  said  to 
have  found  pebbles  of  lava  in  the  Wadi  Igharghar,  and 
these  pebbles  appeared  to  have  come  from  Ahaggar  (30, 
p.  54).  If  this  be  so,  there  are  probably  lava-flows  in  these 
mountains  just  as  in  the  hilly  granitic  region  of  Air. 

Barth’s  and  von  Bary’s  observations,  in  conjunction 
with  those  of  Rohlfs,  give  us  the  eastern  boundary  of  the 
Ahaggar  massif ;  and  the  northern  limit  is  determined  by 
the  discovery  of  Devonian  fossils  in  the  Tasili  plateau.  But 
the  southern  boundary  is  less  certain.  Rolland  assumes 
that  the  Tasili-wan- Ahaggar,  south  of  the  great  Ahaggar, 
is  a  Palaeozoic  plateau.  This  cannot  be  said  to  be 
certain  ;  but  it  seems  likely  that  the  granitic  rocks  do  not 
extend  far  to  the  south  of  the  mountain  mass  itself. 

East  of  Ahaggar  and  Air  there  is  sandstone,  but  it  is 
uncertain  how  far  this  extends  to  the  south.  According  to 
Rohlfs,  granite  occurs  in  the  Geissiger  Mountains  (19,  voL 
i.,  p.  272);  but  sandstone  and  limestone  still  predominate. 
It  is  not  till  we  proceed  to  the  east  that  we  meet  with  any 
more  granitic  rocks.  At  the  north-west  end  of  the  Tibesti 
Mountains,  Nachtigal  has  noticed  the  presence  of  granite 
(20);  and  from  this  and  the  character  of  the  hills,  Suess  infers 
that  the  whole  range  is  Archaean.1  If  this  be  correct,  it 
probably  forms  only  a  narrow  strip,  for  sandstone  hills  occur 
on  the  south  side  of  the  range  in  the  district  of  Borku. 

Phis  narrow  strip  is  probably  connected  on  the  east 
with  the  extensive  mass  of  Archaean  rocks  in  Kordofan  and 
Sennaar  ; 2  but  the  intermediate  country  requires  examina¬ 
tion.  Near  Khartum  these  rocks  are  succeeded  by  the 
Nubian  sandstone  ;  but  farther  north  there  is  another  large 

1  b  rom  Nachtigal’s  description  I  cannot  but  think  that  the  main  mass 
of  this  range  is  Palaeozoic  rather  than  Archaean  (20,  vol.  i.,  pp.  389-391). 

I  have  for  the  present  followed  Suess  and  Rolland  in  including  the 
Kordofan  and  Sennaar  rocks  in  the  Archaean.  Zittel,  in  Berghaus’  map,, 
has  coloured  the  region  as  Trias  and  Dyas,  with  Archaean  masses  rising 
through  it. 
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crystalline  mass,  which  occupies  most  of  the  Nubian  desert 
and  sends  a  long  and  narrow  tongue  along  the  shores  of 
the  Red  Sea  as  far  as  the  Gulf  of  Suez.  This  o-reat 
Archaean  mass  forms  the  bed  of  the  Nile  for  a  con¬ 
siderable  distance,  but  it  nowhere  extends  far  to  the  west 
of  that  river. 

Paleozoic. — The  gneiss  of  the  Kong  Mountains  is 
succeeded  to  the  north,  in  Senegambia,  by  the  extensive 
area  of  slates  and  quartzites  which  Lenz  refers  with  doubt 
to  the  Silurian.  He  found  the  same  beds  at  intervals 
between  the  Igidi  Desert  and  Timbuktu  ;  and  it  would 
appear  therefore  that  these  rocks  form  a  belt  stretching 
from  Senegambia  towards  the  north-east  (22). 

They  are  succeeded  on  the  north-west  by  a  second 
broad  belt  of  later  beds,  which  Lenz  found  to  extend 
from  the  Wadi  Draa  to  the  granites  of  El  Eglab.  These 
consist  of  limestones  and  sandstones;  and  at  Jerf-el-bir 
■and  other  places  south  of  Tenduf,  he  obtained  crinoids, 
brachiopods,  and  other  fossils  in  abundance.  His  collections 
have  been  examined  by  Stache,  and  include  numerous  species 
of  Productus.  Spirifer ,  Chonetes ,  Streptorhynchus ,  and  other 
brachiopods  also  occur  ;  Cyathophyllum  and  other  corals  ; 
crinoids,  including  Poteriocrinus  ;  and  a  variety  of  polyzoa 
and  other  forms  (31).  The  general  character  of  the  fossils 
is  undoubtedly  Carboniferous,  but  a  few  of  the  specimens 
show  Devonian  affinities. 

The  northern  boundary  of  the  Palaeozoic  rocks  is  drawn 
by  Lenz  along  the  foot  of  the  Atlas  as  far  as  the  desert 
El  Erg.  On  the  other  side  of  this  the  Cretaceous  beds  of 
the  Mzab,  El  Goleah,  and  In  Salah  form  a  plateau  with  an 
■escarpment  running  from  north  to  south.  The  boundary 
of  the  Palaeozoic  rocks  must  therefore  turn  to  the  south 
under  the  sands  of  the  Erg,  and  it  probably  lies  along  the 
foot  of  the  plateau. 

At  In  Salah  the  escarpment  turns  towards  the  east. 
The  plateau  is  formed  of  Cretaceous  beds  ;  but  the  rocks 
on  which  they  rest  are  Palaeozoic, — for  Ismail-Bou-Derba 
found  Devonian  beds  at  the  foot  of  the  plateau  near 
Temassanin  (30,  p.  63).  East  of  Temassanin  the  boundary 
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of  the  Palaeozoic  rocks  runs  along  the  escarpment  of  the 
great  Hamada  el  Homra.  At  Bir  el  Hassi  Overweg  found 
that  the  Cretaceous  beds  of  the  top  of  the  Hamada  rest 
upon  sandstone  and  marl,  in  which  he  discovered  the 
Devonian  fossils  Spirifer  Bouchardi ,  Terebratula  \Rkyn- 
chonella ]  Daleidensis ,  P.  [A.]  longinqua  (17). 

Continuing  the  line  between  the  Pailaeozoic  and  Cre¬ 
taceous  along  the  escarpment  of  the  Hamada,  we  find  that 
it  leads  us  to  the  Libyan  Desert,  where  nothing  is  known  of 
the  rocks  until  we  reach  the  oasis  of  Kufra. 

Throughout  the  whole  of  the  area  from  the  Cretaceous 
escarpment  southwards  to  the  gneissic  series,  the  Palaeozoic 
beds  are  nearly  horizontal,  and  they  consist  for  the  most 
part  of  sandstone  resting  upon  marl  or  marly  slate.  This 
is  well  seen  in  the  Akakus  range,  east  of  Ghat,  of  which  a 
sketch  is  given  by  Barth.  Fossils  have  been  found  in  the 
sandstone  and  marl  at  several  places  besides  those  already 
noticed.  In  the  Tasili  plateau  Roche  discovered  a 
trilobite  allied  to  Proetus  Cuvieri,  a  tail  of  Calymene  (?), 
Strophomena  quadrangular  is,  Atrypa  prisca,  A.  reticularis , 
Or  this,  Spirifer ,  and  Rhynchonella  ;  and  he  concludes  that 
these  beds  are  of  Devonian  age  (13).  At  the  northern  end 
of  the  Akakus  range  Duveyrier  found  fossils  which  were 
referred  by  De  Verneuil  to  Spirifer  (near  to  Sp.  ostiolatus 
and  Sp.  subcuspidatus ),  and  Chonetes  crenulata.  Here 
again  a  Devonian  age  is  indicated  (30,  p.  62). 

East  of  the  Libyan  Desert,  which  causes  a  serious  break 
in  the  continuity  of  our  map,  it  is  the  so-called  Nubian 
sandstone  which  rests  upon  the  crystalline  rocks.  It 
occupies  a  large  space  between  the  Cretaceous  of  the 
Dakhla  Oasis  and  the  Archaean  rocks  of  Upper  Egypt,  and 
it  is  found  also  in  the  Oasis  of  Kufra  (32,  p.  330).  The 
geological  position  of  this  sandstone  has  been  much  dis¬ 
cussed,  for  till  recently  no  fossils  had  been  found  in  it 
except  silicified  wood.  From  the  fact  that  the  Upper 
Cretaceous  of  the  Libyan  Desert  is  quite  conformable  upon 
it,  Zittel  concluded  that  it  must  probably  be  of  Lower 
Cretaceous  age.  But  the  discovery  of  Carboniferous 
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fossils  by  Schweinfurth  in  the  Wadi  Araba1  (33),  has  led 
most  subsequent  writers  to  refer  a  part  of  the  series  to  the 
Palaeozoic.  Rolland  indeed  has  gone  so  far  as  to  include 
the  whole  of  the  Nubian  sandstone  with  the  Palaeozoic 
upon  his  map  ;  but  this  is  due  no  doubt  simply  to  the 
impossibility,  in  the  present  state  of  our  knowledge,  of 
drawing  a  line  between  the  Upper  and  Lower  divisions. 

Cretaceous. — Turning  now  to  the  Cretaceous  deposits, 
we  find  that  in  the  Algerian  Sahara  they  form  the  plateaux 
of  the  Mzab  and  Tedmaid  (near  In  Salah) ;  and  in  Tripoli 
the  Hamada  el  Homra.  The  southern  and  western 
boundaries  have  already  been  traced,  and  the  Cretaceous 
rocks,  except  where  covered  by  later  deposits,  extend 
from  these  boundaries  to  the  Atlas  and  Mediterranean. 
Between  the  Mzab  and  the  Hamada  el  Homra  lies  a  broad 
area  of  Quaternary  deposits,  through  the  middle  of  which 
runs  the  depression  called  the  Wadi  Igharghar — a  de¬ 
pression  which  figures  very  prominently  in  certain  accounts 

of  North  Africa,  but  which  is  not  everywhere  very  clearly 
defined. 

Rolland  (15)  finds  that  the  Cretaceous  plateau  of  the 
Algerian  Sahara  rises  in  two  steps  or  terraces  ;  the  lower 
terrace  being  formed  of  Middle  Cretaceous  and  the  upper 
terrace  of  Upper  Cretaceous  beds.  Each  consists  of  a 
e,  resting  upon  a  series  of  gypseous  marls  ;  and  the 
lower  stage  is  often  very  fossihferous.  Among  the  fossils 
are  Ostrea  flabellata ,  Plicatula  auressensis ,  both  of  them 
essentially  Cenomanian  forms  ;  and  a  variety  of  other 

species,  nearly  all  of  which  are  common  in  the  Cenomanian 
of  the  Atlas. 

In  the  Algerian  Sahara  no  fossils  have  been  found  in 
the  upper  stage,  but  in  Tripoli  they  are  fairly  abundant. 

On  the  north  edge  of  the  plateau  that  lies  south  of 
the  town  of  Tripoli,  Overweg  (16,  17)  discovered  Rudistes , 
Exogyra  smuata ,  and  Ex.  conica.  These  are  Cenomanian, 
and  the  beds  in  which  they  occur  clearly  correspond  with 

This  is  the  Wadi  Araba  which  opens  into  the  Gulf  of  Suez,  about 
2  9°  N.  Lat.,  not  the  Wadi  Araba  of  Syria. 
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the  lower  of  Rolland’s  terraces.  On  the  top  of  the  plateau 
the  same  explorer  obtained  Inoceramus  impressus ,  Ccirdita , 
Area ,  Exogyra  Overwegi,  and  Ostrea  larva  ;  the  first  and 
last  of  which  are  Senonian  forms,  while  Ex.  Overwegi  is 
almost  peculiar  to  the  Sahara. 

Other  travellers  also  have  found  Senonian  fossils  upon 
this  plateau.  The  collections  made  by  Vatonne  on  his 
journey  to  Ghadames  have  been  examined  by  Coquand 
(15,  p.  545).  They  include  Ostrea  vesicular  is ,  O.  larva , 
O.  ostracina ,  O.  Overwegi ,  and  several  other  Senonian 
forms,  together  with  a  few  Cenomanian  species.  Rohlfs 
also,  on  the  way  to  Ghadames,  found  Ostrea  armata ,  O. 
larva ,  Exogyra  Overwegi ,  and  Ex.  Mather oniana  (34);  while 
south  of  that  town,  Duveyrier  discovered  the  Cenomanian 
form,  Exogyra  columba ,  near  the  southern  escarpment  of  the 
plateau  (30,  pp.  49,  50). 

It  is  tolerably  clear  then  that  the  Tripoli  plateau,  the 
Hamada  el  Homra,  is  formed  of  Senonian  beds,  resting 
upon  Cenomanian,  and  perhaps  Turonian  ;  and  this  agrees 
with  Rolland’s  observations  in  the  Algerian  Sahara. 

Farther  east,  the  “  Black  Mountains  ”  (Jebel  el  Soda 
and  Jebel  Haruj)  rise  up  amidst  the  Cretaceous  rocks. 
They  have  been  the  subject  of  much  discussion  ;  but  are 
probably  in  part  volcanic,  and  will  be  described  in  speaking 
of  the  eruptive  rocks. 

On  the  eastern  side  of  the  Libyan  Desert  the  Cretaceous 
and  later  beds  have  been  very  fully  described  by  Zittel  (8), 
who  accompanied  one  of  Rohlfs’  numerous  expeditions. 
But  I  shall  confine  myself  here  to  a  very  brief  and  general 
account  of  the  character  and  distribution  of  these  deposits  ; 
the  details  will  come  more  fittingly  in  a  description  of 
Egypt  and  the  Valley  of  the  Nile. 

The  Nubian  sandstone  of  Upper  Egypt  is  succeeded 
conformably  by  a  series  of  Cretaceous  limestones  and  marls, 
which  occupy  the  floors  of  the  Kharga,  Dakhla,  and 
Farafra  Oases,  and  stretch  away  westwards  beneath  the 
sands  of  the  desert.  The  whole  series  belongs  to  the 
Upper  Cretaceous ;  and  the  lower  beds,  which  contain 
Exogyra  Overwegi  in  abundance,  correspond  with  the  upper 
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beds  of  the  Hamada  el  Homra.  Unless,  then,  the  Nubian 
sandstone  is  in  part  Cretaceous,  the  Cenomanian  of  the 
Western  Sahara  is  absent  in  the  east,  and  has  been  over¬ 
lapped  by  the  higher  beds.  That  the  Cretaceous  beds  of 
Egypt  do  overlap  the  beds  below,  is  shown  by  the  fact  that 
east  of  the  Nile  they  rest  for  many  miles  directly  upon  the 
crystalline  rocks,  whereas  in  the  Libyan  Desert  they  lie 
conformably  upon  the  Nubian  sandstone. 

Tertiary. — It  is  only  in  the  eastern  part  of  the  Sahara, 
east  of  the  Libyan  Desert,  that  Eocene  beds  are  developed. 
They  cover  a  wide  area  north  of  the  Cretaceous  belt  of  the 
oases,  and  they  consist  chiefly  of  limestones.  West  of  the 
Nile  they  lie  upon  the  Cretaceous  beds  ;  but  east  of  the 
ruins  of  Thebes  they  rest  for  a  short  distance  upon  the 
crystalline  rocks. 

Towards  the  north  and  west  the  Eocene  deposits  pass 
under  Miocene  beds.  In  the  Oasis  of  Siwa  these  consist 
of  limestones,  sandstones,  and  clays  ;  and  the  lower  beds 
are  marine,  while  the  upper  are  of  freshwater  origin.  The 
freshwater  beds  are  probably  the  equivalents  of  the  Jebel 
Ah  mar  sandstone  and  the  remarkable  fossil  forests  of  Cairo 

(35)- 

The  Miocene  beds  extend  along  the  southern  shore  of 
the  Mediterranean,  from  the  delta  of  the  Nile  westwards  as 
far,  no  doubt,  as  the  Gulf  of  Sidra.  They  occupy  the  Oasis 
of  Siwa,  and  they  probably  form  the  whole  of  the  Barka 
plateau  (8,  p.  131).  They  seem,  like  the  other  deposits  of 
this  region,  to  overlap  the  beds  below  ;  and  in  Tripoli  they 
rest  directly  upon  the  Cretaceous. 

The  Pliocene  of  the  Sahara  is  insignificant  in  extent, 
and  structurally  of  little  importance.  Lenz,  in  his  map  of 
West  Africa,  has  coloured  a  narrow  strip  of  Cretaceous 
rocks  along  the  West  Coast  from  Morocco  to  Cape  Blanco  ; 
and  most  subsequent  cartographers  have  accepted  his 
authority.  But  it  appears  from  the  researches  of  Quiroga 
at  Rio  d’  Oro  that  the  coast  is  formed,  not  of  Cretaceous, 
but  of  Pliocene  deposits.  Limestones,  sandstones,  and 
marls  occur,  in  which  Quiroga  has  found  a  very  recent 

fauna,  including  many  living  species  (25). 
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Pliocene  beds  are  also  found  in  Egypt,  but  these  need 
not  be  considered  here. 

Quaternary. — Quaternary  deposits  cover  wide  areas  in 
the  Sahara,  and  were  at  one  time  supposed  to  be  of  marine 
origin.  It  was  even  held  that  the  great  sand  dunes  of  the 
deserts  must  have  been  formed  under  the  sea  ;  but  at  this 
date  it  is  scarcely  necessary  to  discuss  such  a  view.  There 
are  many  other  points  of  interest  in  connection  with  the 
dunes  ;  but  space  does  not  permit  me  to  touch  upon  them, 
and  I  can  only  refer  to  the  work  of  Walther  on  denudation 
in  the  deserts  (36). 

The  advocates  for  a  Quaternary  Sahara  sea  argued 
chiefly  from  the  discovery  of  marine  shells  at  several  points 
in  the  middle  of  the  Sahara.  But  Tournouer  has  shown 
that  to  call  in  the  aid  of  a  great  ocean  in  order  to  explain 
the  presence  of  one  or  two  shells  is  a  needless  expenditure 
of  energy  (37).  Indeed  it  would  be  difficult  for  the  ocean 
to  have  deposited  them  without  leaving  more  extended 
evidence  of  its  existence  ;  and  in  some  cases,  at  least,  the 
shells  seem  to  have  been  brought  by  man,  like  the  money 
cowries  in  use  at  the  present  day. 

Eruptive  rocks. — It  is  probable,  to  say  the  least,  that 
much  of  the  granitic  rock  observed  by  travellers  is  of 
eruptive  origin,  and  some  of  it  may  well  belong  to  a  much 
later  period  than  the  Archaean.  But  the  evidence  is 
generally  incomplete. 

In  the  Tiris  country,  Quiroga  (25)  describes  granite  and 
elaeolite-syenite,  which  he  believes  to  be  eruptive  and  dis¬ 
tinct  from  the  Archaean.  Eruptive  rocks  of  basic  character 
also  occur  in  this  region.  Both  Douls  (26)  in  the  north,  and 
Panet  (27)  in  the  south,  speak  of  basalts  ;  and  Quiroga  also 
has  described  the  occurrence  of  diabase  and  melaphyre. 

Von  Bary,  in  the  diary  of  his  journey  from  Ghat  to  Air, 
notices  basalt  in  connection  with  the  granite  ;  and  accord¬ 
ing  to  him,  Tegindshir  in  Air  is  an  extinct  volcano  (29, 
p.  362,  etc.).  Barth,  also,  in  his  account  of  the  same 
region,  describes  Teleshera  as  consisting  of  sandstone, 
capped  by  trachyte  ;  and  further  south  he  records  a  terrace 
of  basalt  (18,  vol.  i.,  p.  501). 
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Again,  at  the  north-west  end  of  the  Tarso  range, 
Nachtigal  describes  a  well-formed  crater;  and  this  clearly 
points  to  a  recent  period  of  vulcanicity  (20,  vol.  i.,  pp. 

389-39I)- 

In  none  of  these  cases,  however,  is  there  any  really 
satisfactory  evidence  of  the  age  of  the  rocks  ;  and  it  is  only 
among  the  more  recent  deposits,  the  Cretaceous  and 
Tertiary,  that  we  are  able  to  fix  a  definite  limit  for  the  date 
of  the  eruptions.  Near  the  northern  border  of  the  Tripoli 
plateau  several  cones  of  volcanic  rock  rise  through  the 
Cretaceous  beds  ;  and  these  must  clearly  be  of  late 
Cretaceous,  or  more  likely,  of  Tertiary  age.  They  consist 
chiefly  of  phonolite,  and  to  a  certain  extent,  of  olivine 
basalt  (16). 

But  the  most  extensive  volcanic  masses  in  this  area  are 
probably  the  Jebel-el-Soda  and  the  Jebel  Haruj,  or  the 
“  Black  Mountains”.  Hornemann  long  ago  mentioned  the 
presence  of  basalt  in  these  mountains  ;  but  there  can  be 
little  doubt  that  he  has  sometimes  been  misled  by  the 
peculiar  black  weathering  of  the  surface  which  is  so 
characteristic  of  the  Sahara — a  mode  of  weathering  which 

O 

gives  a  very  deceptive  volcanic  look  to  the  sandstones  and 
other  rocks  which  cover  so  wide  an  area.  In  this  case, 
however,  Hornemann  was  probably  correct,  for  Duveyrier 
brought  home  specimens  which  wrere  determined  by 
Descloiseaux  to  be  amygdaloidal  basalt  (30,  p.  77). 

It  is  probable,  howrever,  that  the  eruptive  rocks  do  not 
form  the  whole  of  this  mountain  mass.  Beurmann  states 
that  he  has  nowhere  found  any  traces  of  basalt,  and  he  can 
scarcely  believe  in  its  presence  (38).'  Vogel,  too,  describes 
the  range  as  consisting  of  limestone  and  sandstone  (39)  ; 
and  Rohlfs,  who  accepts  Duveyrier’s  view,  also  speaks 
of  the  presence  of  sedimentary  rocks  (19,  p.  125).  We  can 
only  conclude,  then,  that  these  mountains  form  a  continuation 
of  the  Cretaceous  plateau,  penetrated  here  and  there  by 
eruptive  rocks  of  later  date. 

Volcanic  rocks  are  also  supposed  to  occur  in  the 
Ahaggar  Mountains  (30,  p.  54),  and  on  the  Tasili  plateau. 

Lastly,  in  the  Egyptian  area,  basalt  occurs  in  the 
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Baharia  Oasis  (8),  and  near  Abu-Zabel  on  the  Ismailia 
Canal  (40).  In  both  cases  it  is  of  Tertiary  age. 

On  the  whole,  then,  volcanic  activity  has  never  been 
rife  in  the  Sahara,  although  a  little  farther  south,  in 
Abyssinia  and  the  Somali  country,  there  are  vast  areas  of 
lava  comparable  in  extent  with  the  Deccan  Trap  of  India. 
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RECENT  VALUES  OF  THE  MAGNETIC  ELE¬ 
MENTS  AT  THE  PRINCIPAL  MAGNETIC 
OBSERVATORIES  OF  THE  WORLD. 

"Continued  through  the  courtesy  of  the  Kew  committee  as  in  July,  1894.] 

IN  the  case  of  a  few  of  the  observatories  data  have  been 
supplied  by  the  courtesy  of  the  directors  more  recent 
than  those  in  their  latest  publications,  but  in  the  great 
majority  of  instances  recourse  has  been  had  to  the  publica¬ 
tions  themselves.  In  one  or  two  cases  the  values  given 
last  year  have  had  to  be  repeated.  The  observatories  are 
arranged  according  to  their  latitude.  The  longitude  is  in 
all  cases  referred  to  Greenwich.  In  some  few  cases  where 
the  geographical  position  had  to  be  extracted  from  a  map, 
and  in  others  where  conflicting  statements  existed,  there 
may  not  unlikely  be  appreciable  error. 

The  data  in  the  table  are  deduced  from  hourly  readings 
of  the  magnetic  curves  in  the  case  ol  Pawlowsk,  Katharinen- 
burg,  Copenhagen  (Declination  and  Horizontal  Force), 
Hamburg  (Declination),  Wilhelmshaven  (Declination  and 
Horizontal  Force),  Irkutsk,  Potsdam,  Utrecht  (Declination), 
Kew,  Greenwich,  Uccle  (Declination),  Falmouth  (Declina¬ 
tion  and  Horizontal  Force),  Parc  Saint  Maur,  Vienna,  Pola, 
Perpignan,  Tiflis,  Nice  (Declination),  Washington,  Zi-ka-wei, 
Manila,  Batavia,  and  Mauritius  (?). 

In  the  case  of  Madrid  (Declination),  Prague  (Declina¬ 
tion),  O’Gyalla  (Declination  and  Horizontal  Force),  Coimbra 
(Declination),  Lisbon  (Declination),  and  Kasan  (Declina¬ 
tion  and  Horizontal  Force),  the  diurnal  inequality  has  been 
at  least  partly,  in  some  cases  probably  with  great  exactness, 
allowed  for  by  taking  readings  from  curves  or  absolute 
instruments  at  two  or  more  different  hours. 

For  the  explanation  of  the  apparent  rise  in  Vertical  Force 
at  Kew  since  1893,  see  “The  Report  of  the  Incorporated 
Kew  Committee,”  Roy.  Soc.  Proc .,  1895.  The  first  results 
of  Greenwich  Inclination  and  Vertical  Force  are  deduced 
from  readings  with  3  inch  dip  needles  only,  the  second  from 
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3,  6,  and  9  inch  needles.  A  correction  of  -yi  has  been 
applied  to  the  mean  published  value  of  the  Declination  at 
Potsdam  ;  see  Eigebnisse  der  Magnetischen  Beobachtnngen 
in  Potsdam  hi  1890-91,  pp.  7 9.  The  values  of  Horizontal 
Force  and  Vertical  Force  at  Batavia,  published  in  last  year’s 
tables,  should  be  altered  to  ’36754  and  ’20345  respectively  ; 
see  the  preface  to  Observations  at  Batavia ,  vol.  xvi. 
Batavia,  1894. 


392 


SCIENCE  PROGRESS. 


Place. 

Latitude. 

Longitude. 

Year. 

Declination. 

Pawlowsk  - 

59°  4i'  N. 

30°  29'  E. 

1893 

0  4  -4  E. 

Katharinenburg  - 

56°  49'  N. 

6o°  38'  E. 

i893 

9°  34-6  E. 

Kasan  ... 

55°47'N. 

490  8'  E. 

1892 

7°  3o'-8  W. 

Copenhagen 

55°  4i'  N. 

12°  34'  E. 

i893 

io°  47/7  W. 

Stonyhurst  - 

53°  5i'  N. 

2°  28'  W. 

1894 

1 8°  44  *  1  W. 

Hamburg  - 

53°  34  N. 

io°  3'  E. 

i893 

n°54'*3  W. 

Wilhelmshaven  - 

53°  32'  N. 

8°  9'  E. 

1892 

1 30  1  o'*  1  W. 

Potsdam 

5  2  0  2  2 r  ■  9  N . 

13°  4  E. 

1891 

IO°  42,-2  W. 

Irkutsk 

520  16'  N. 

104°  16'  E. 

i893 

20  9' *4  E. 

Utrecht 

52°  5'N. 

5°  ii'  E. 

!893 

1 40  2  8' *5  W. 

Kevv  - 

510  28'  N. 

o°  19'  W. 

^94 

1 70  2 3'  0  W. 

Greenwich  - 

510  28'  N. 

0  t 

0  0 

1894 

> 

V 

4t- 

0 

r— 

M 

Uccle  (Brussels)  - 

50°  48'  N. 

4°  20'  E. 

i893 

1 4°  48' *7  W. 

Falmouth  - 

50°  9'N. 

5°  5'W. 

^93 

190  6/*4  W. 

Prague 

5o°  5' N. 

*4°  25'  E. 

1893 

9°  42'*3  W* 

Parc  St.  Maur  (Paris)  - 

48°  49'  N. 

20  29'  E. 

1892 

150  26'*9  W. 

Vienna  - 

48°  15'  N. 

160  21'  E. 

i893 

8°  49,*7  W. 

O’Gyalla  (near  Buda 
Pesth) 

— 

_ 

I894 

7°  58'*2  W. 

Pola  (on  Adriatic) 

44°  52'  N. 

13°  5o'  E. 

r894 

9°  52-6  W. 

Nice  - 

43°  43'  N. 

70  16'  E. 

1893 

12°  3  2'  7  W. 

Toronto 

43°  39**6  N. 

79°  3o'  W. 

1893 

4°  36  *4  W. 

Perpignan  - 

420  42'  N. 

53'  E. 

1892 

140  i6'*o  W. 

Rome 

4i°  54  N. 

12°  27'  E. 

1891 

1  o°  45'  W. 

Tiflis  - 

4ir  43'  N. 

440  48'  E. 

1892 

i°  33-6  E. 

Madrid 

40°  2 5'  N. 

3°  4o'  W. 

1893 

160  1 4'* 2  W. 

Coimbra 

40°  12'  N. 

8°  25'  W. 

l893 

i7°  5i  '7  W. 

Washington 

38°  53'  N. 

77°  o'  W. 

1891 

4°  97  W. 

Lisbon 

38°'  43  N. 

9°  9  W. 

i893 

1 70  49-4  W. 

Zi-ka-wei  - 

310  12'  N. 

1210  26'  E. 

1892 

20  i4'*4  W. 

Hong  Kong 

22°  1 8'  N. 

1140  10'  E. 

x893 

o°  3 1 ' * 2  E. 

Colaba 

180  54  N. 

720  49'  E. 

1893 

o°  40' *3  E. 

Manila 

i4°  35'  N. 

127°  1 1  E. 

1892 

o°  so'-i  E. 

Batavia 

6°  11'  S. 

1060  49'  E. 

i893 

i°  3  o' *6  E. 

Mauritius  - 

20°  6'  S. 

57°  33'  E. 

1892 

1  o°  5'*i  W. 

Melbourne  - 

37°  50'  S. 

I44°  58'  E. 

1893 

8°  9'*6  E. 
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Place. 

Year. 

Inclination. 

Horizontal 

Force. 

C.  G.  S. 
Units. 

Vertical 

Force. 

C.  G.  S. 
Units. 

Pawlowsk 

- 

- 

1893 

7°°  43  *9  N. 

•16446 

•47046 

Katharinenburg 

- 

- 

1  893 

70°  39'n  N. 

•17801 

•50694 

Kasan 

- 

- 

1 892 

68°  36^2  N. 

•18551 

•47345 

Copenhagen 

- 

- 

1893 

68°  51'  N. 

‘17358 

■44868 

Stonyhurst 

- 

- 

1894 

69°  2'-2  N. 

‘Hi  33 

•44719 

Hamburg 

- 

- 

1893 

67°  45'-4  N. 

•18003 

•44022 

Wilhelmshaven 

- 

- 

1892 

67°  57 '*3  N. 

•17917 

•44245 

Potsdam  - 

- 

1891 

66°  44-1  N. 

H8635 

•43342 

Irkutsk  - 

- 

1893 

70°  9'-4  N. 

*201  17 

F5744 

Utrecht  - 

- 

- 

1893 

67°  I  2  *2  N. 

•18397 

•43772 

Kew 

- 

- 

1894 

67°  26'*oN. 

•1825I 

"439x4 

Greenwich 

- 

- 

1894 

/670  1 8'- 7  N.\ 
(67°  1 7' "3  N.J 

*18287 

| ’43742 

U43691 

Uccle 

- 

- 

1893 

66°  28,'4  N. 

•1877 

"431 1 

Falmouth 

- 

- 

1893 

67°  5  ’3  N. 

'i8455 

•43665 

Prague 

- 

- 

1893 

— 

•19789 

— 

Parc  St.  Maur  - 

- 

- 

1892 

65°  V'2  N. 

•19584 

•42294 

Vienna 

- 

- 

1893 

63°  i3,*7  N. 

•20724 

•41077 

O’Gyalla  - 

- 

- 

1894 

• — 

•21054 

— 

Pola 

- 

- 

1894 

6o°  37  *3  N. 

•22004 

•39086 

Nice 

- 

- 

1893 

6o°  26^4  N. 

•22  198 

•39139 

Toronto  - 

- 

- 

1893 

— 

•1663O 

— 

Perpignan 

- 

- 

1892 

6o°  i4'’3  N. 

•22264 

•38934 

Rome 

- 

- 

1891 

58°  4*6  N. 

•2324 

‘373° 

Tiflis 

- 

- 

1892 

55°  46'-i  N. 

•25686 

‘3775 1 

Madrid  - 

- 

- 

1893 

— 

— 

— 

Coimbra  - 

- 

- 

1893 

590  5o'-5  N. 

•225l8 

•38752 

Washington 

- 

- 

1891 

71°  5'*i  N. 

•19855 

•57940 

Lisbon 

- 

- 

1893 

58°  24^6  N. 

•2327O 

•37840 

Zi-ka-wei  - 

- 

- 

1892 

46°  7'*o  N. 

•3  2  5  00 

•33792 

Hong  Kong 

- 

- 

1893 

310  56'*8  N. 

•36435 

•22720 

Colaba 

- 

- 

1893 

200  35/,i  N. 

•37437 

•  14060 

Manila 

- 

- 

1892 

170  7'*2  N. 

•37643 

•H594 

Batavia  - 

- 

- 

1893 

290  6,-2  S. 

•36741 

•20451 

Mauritius- 

- 

- 

1892 

540  4S'-2  S. 

•24003 

•34030 

Melbourne 

- 

- 

1893 

67°  1 7'-o  S. 

•23432 

•55969 

Charles  Chree. 
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IN  the  Hof-Museum  of  Vienna  there  are  some  well- 
executed  and  striking  wall  paintings  of  Upper  Car¬ 
boniferous  scenery,  designed  by  Hoffmann,  under  the 
direction  of  the  late  Dr.  Stur.  Arborescent  Lepidoden- 
drons,  Sigillarias  and  Calamites  occupy  the  most  prominent 
position  ;  and  with  the  large-leaved  Cordaites  these  plants 
probably  formed  the  most  conspicuous  types  in  the  LTpper 
Palaeozoic  forests.  Some  of  the  Calamites  are  represented 
with  tall  ribbed  stems,  bearing  lateral  branches  and  cones  of 
various  forms  ;  among  the  calamitean  foliage  we  notice  the 
well-known  wedge-shaped  leaves  for  which  Brongniart,  in 
1822,  instituted  the  genus  Sphenophyllum. 

Restorations  of  this  kind  have  been  attempted  by 
numerous  artists,  inspired  by  widely  different  views  as  to 
the  actual  appearance  of  the  commonest  Coal- Measure 
plants.  In  many  respects  the  Viennese  pictures  may  no 
doubt  be  regarded  as  a  closer  approximation  to  the  truth 
than  most  of  the  earlier  attempts,  but  in  certain  particulars 
they  are  still  far  from  photographic  accuracy.  It  is  quite 
clear,  from  what  we  know  of  the  structure  of  calamitean 
plants,  that  in  most  forms  the  external  surface  of  the  stem 
did  not  show  any  signs  of  the  ridges,  grooves  or  nodal 
constrictions  which  form  such  characteristic  features  of  the 
common  medullary  casts.  It  may  be  that  in  some  species 
the  stem  was  slightly  ribbed,  as  suggested  by  Weiss1  and 
other  writers,2  but  in  the  great  majority  of  calamitean 
plants  the  surface  was  no  doubt  smooth.  According  to  Stur, 
Asterophyllites  and  Annulxria ,  with  their  univeined  leaves, 
should  be  regarded  as  the  homomorphous  branches  of 
Calamites.  while  Sphenophyllum,  with  broader  leaves  usually 
traversed  by  several  veins,  represents  a  heteromorphous 
form  of  calamitean  branch.  Stur’s  views  as  to  the  con- 

1  Weiss  (2). 

2  Kidston,  Trans.  Geol.  Soc.  Glasgow ,  vol.  viii.,  p.  52. 
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nection  between  Calamites  and  Sphenophyllum  have  not 
been  supported  by  recent  work,  and  we  are  now  in 
possession  of  abundant  evidence  in  favour  of  the  autono¬ 
mous  nature  of  the  latter  genus.1  The  Calamite  must  have 
had  somewhat  the  appearance  of  a  magnified  arborescent 
Equisetum,  its  underground  rhizome  growing  more  or  less 
horizontally,  or  erect,  in  the  sand  or  mud,  giving  off  from 
the  nodes  numerous  adventitious  roots,  and  woody  aerial 
shoots,  which  grew  to  a  considerable  height,  and  attained  a 
girth  of  several  feet.  From  the  nodes  were  developed 
lateral  branches,  differing  in  number  and  disposition  in  the 
several  forms  of  the  genus,  and  whorls  of  numerous  uni- 
veined  leaves  replaced  the  nodal  leaf-sheaths  of  the  recent 
horse-tails.  The  long  and  narrow  cones  were  borne  on 
slender  pedicels,  and  in  the  same  cone  there  were  occasion¬ 
ally  macrospores  and  microspores,  but  probably  more  com¬ 
monly  the  spores  were  all  of  one  size.  As  regards  the 
development  of  the  plant,  we  may  reasonably  suppose  that 
it  was  formed  as  the  result  of  fertilisation  of  an  egg-cell 
developed  on  a  sexual  prothallus,  and  possibly  from  the 
oospore  there  would  be  first  formed  a  rhizome  structure 
from  which  the  calamitean  tree  gradually  developed. 

In  the  present  article  special  attention  is  given  to  the 
histological  structure  and  affinities  of  the  genus  Calamites . 
Writing  of  this  plant  in  1868,  Binney2draws  attention  to 
the  desirability  of  encouraging  descriptions  and  careful 
examination  of  our  English  Carboniferous  plants,  and 
adds :  “  When  this  is  done  we  are  likely  to  possess  a 
literature  on  our  Carboniferous  fossils  worthy  of  the 
first  coal-producing  country  ”.  Since  the  above  words  were 
penned  much  has  been  done  towards  the  realisation  of  this 
desideratum;  Professor  Williamson’s  series  of  memoirs  “On 
the  Organisation  of  the  Fossil  Plants  of  the  Coal  Measures  ”3 
has  furnished  us  with  the  necessary  data  from  which  to 
build  up  a  fairly  complete  description  of  many  types  of 
Carboniferous  plants.  In  February,  1894,  a  paper  was 

1  Williamson  and  Scott,  pp.  919  et  seq. 

2  P.  1.  3  Phil.  Trans.,  1871-1893. 
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read  before  the  Royal  Society  by  Williamson  and  Scott,  on 
the  genera  Catamites ,  Calamostachys  and  Sphenophyllum. 
In  a  prefatory  note  to  this  memoir,  Professor  Williamson 
writes  in  the  following  words  :  “My  morphological  inquiries 
seem  to  have  reached  a  stage  that  makes  a  more  minutely 
careful  examination  of  these  questions  of  development  and 
growth  desirable  ;  but  before  specially  undertaking  this,  I 
saw  clearly  the  extreme  importance  of  doing  so  in  com¬ 
bination  with  some  younger  colleague  whose  familiarity 
with  the  details  of  the  physiology  of  living  plants  was 
greater  than  my  own.  Under  these  circumstances  I  have 
secured  the  co-operation  of  Dr.  D.  H.  Scott,  and  the 
present  paper  embodies  the  results  of  our  united  investiga¬ 
tions.”  This  first  instalment  under  the  joint  authorship 
gives  an  extremely  lucid  and  thorough  description  of 
Catamites  and  Sphenophyllii m ,  and  in  addition  to  working 
into  a  complete  whole  the  scattered  contributions  by 
Williamson  and  others  on  the  morphology  of  these  plants, 
there  are  several  new  and  important  facts  embodied  in  the 
memoir,  which  is  illustrated  partly  by  photographs,  and 
partly  by  a  series  of  admirable  camera  lucida  drawings  by 
Mr.  Brebner. 

The  Calamite,  as  usually  lound  in  Upper  Carboniferous 
shales  and  sandstones,  occurs  in  the  form  of  straight  or 
curved  and  tapered  specimens,  with  regular  transverse 
constrictions  marking  the  position  of  the  nodes  ;  the  inter¬ 
nodes  are  traversed  by  longitudinal  ribs  and  narrow  grooves 
which  generally  alternate  in  position  from  one  node  to  the 
next.  In  most  specimens  there  is  a  small  oval  or  round 
protuberance  at  the  upper  end  of  each  internodal  ridge, 
giving  the  appearance  of  a  series  of  small  scars  immediately 
below  each  node.  These  are  the  casts  of  the  “  infranodal 
canals  of  Williamson  ;  by  some  writers  regarded  as  the 
points  of  attachment  of  leaves  or  roots,  but  now  usuallv 
interpreted  as  the  casts  of  canal-like  spaces  which  extended 
through  the  primary  medullary  ray  tissue  of  the ‘plant.  A 
specimen  figured  by  Williamson  in  1878  1  shows  the  tapered 


1  Williamson  (3),  pi.  xxi.,  fig.  31. 
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end  of  a  small  cast  lying  in  a  cavity,  and  from  the  upper 
ends  of  some  of  the  internodal  ridges  small  sandstone 
spokes  radiate  across  the  space,  and  abut  on  the  enclosing 
face  of  rock.  These  rays  are  simply  the  slender  casts  of 
the  infranodal  canals,  which  have  been  preserved  in  an 
unusually  perfect  form,  while  the  woody  tissue  which 
originally  occupied  the  cavity  has  been  entirely  destroyed. 
In  addition  to  these  subnodal  scars,  one  occasionally 
sees  in  the  nodal  region  of  a  calamitean  cast  small  dot-like 
markings  representing  the  place  of  origin  of  the  leaf-trace 
bundles  ;  also  comparatively  large  circular  depressions  on 
the  nodal  line  ;  these  are  the  scars  of  branches.  The  late 
Professor  Weiss1  of  Berlin  some  time  ago  suggested  a  con¬ 
venient  classification  of  calamitean  casts  based  on  the 
manner  of  occurrence  of  such  branch  scars.  Corda,  Dawes 
.and  other  earlier  writers  recognised  that  the  specimens  of 
Calamites  usually  met  with,  were  simply  the  casts  of  the 
fistular  pith  cavity  of  the  original  stem.  Williamson 
brought  out  this  point  in  a  striking  manner  in  the  first  of 
his  Royal  Society  memoirs,  published  in  1891. 2  Stur,  in 
his  elaborate  work  on  “  Die  Calamarien  der  Carbon-Flora 
der  Schatzlarer  Schichten,”  describes  and  figures  several 
silicifiel  stems  from  Neu-Paka  in  Bohemia,  in  which  the 
true  nature  of  the  common  casts  is  clearly  demonstrated.3 
In  some  of  these  specimens  a  considerable  thickness  of 
wood  is  preserved,  the  axis  of  the  stem  being  occupied  by 
a  cavity,  the  wall  of  which  is  formed  by  the  inner  face  of 
the  wood.  This  central  cavity  is  partially  bridged  across 
at  the  nodes  by  the  remains  of  a  nodal  diaphragm.  A  cast 
made  of  this  axial  space  gives  an  exact  representation  of 
the  ordinary  calamitean  fossil.  The  examination  of  sec¬ 
tions  of  a  Calamite  stem  with  its  woody  tissue  preserved, 
shows  that  the  inner  face  of  the  wood  consists  of  projecting 
blunt  apices  of  xylem  bundles,  separated  by  broad  medullary 
rays  of  parenchyma.  The  thin-walled  tissues  of  the  latter 
would  decay  more  rapidly  than  the  lignified  tracheids  of 

1  Weiss  (2),  p.  55.  2  Williamson  (2). 

8  Stur,  figs.  3-17,  pp.  24-37. 
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the  wood,  and  thus  there  would  be  left  a  series  of  ribs, 
projecting  into  the  pith  cavity.  Sand  or  mud  filling  up  the 
hollow  pith  would  be  moulded  on  to  the  surface  of  the 
woody  ribs  and  intervening  depressions  in  the  primary 
medullary  rays,  and  thus  the  surface  of  the  pith  cast  would 
present  the  appearance  of  narrow  grooves  alternating  with 
broader  ridges. 

Our  knowledge  of  the  internal  structure  of  Catamites  is 
chiefly  derived  from  the  minute  examination  of  fragments 
of  small  twigs  or  branches  preserved  in  the  calcareous  coal 
balls  of  Lancashire  and  Yorkshire,  and  from  the  investiga¬ 
tions  of  French  palaeobotanists,  founded  on  similar  fragments, 
from  the  siliceous  nodules  of  Autun  and  other  districts. 
When  Adolphe  Brongniart  realised  the  fact  that  such  Coal- 
Measure  plants  as  Catamites  and  Sigittaria  increased  in 
thickness,  in  a  manner  strictly  comparable  to  the  growth  of 
phanerogamous  stems  and  roots,  he  was  not  unnaturally 
led  to  look  upon  the  discovery  as  a  fatal  objection  to  these 
genera  being  included  among  the  Vascular  Cryptogams. 
He  accordingly  separated  the  Catamamece  into  two  distinct 
groups  :  the  Catamite cz,  closely  allied  to  the  Equisetacece , 
and  the  Catamodencirecz ,  included  in  the  Gymnosperms  on 
account  of  their  secondary  growth  in  thickness.1  This 
twofold  division  of  calamitean  plants  was  adopted  by  most 
writers,  and  is  still  retained  by  one  or  two  French  authors. 
Since  Brongniart’s  time  it  has  been  established  that 
secondary  growth  in  thickness  does  not  in  itself  afford  a 
satisfactory  basis  of  classification.  At  the  present  day  such 
a  manner  of  growth  is  exceptional  among  Vascular  Crypto¬ 
gams  ;  in  such  forms  as  it  exists  it  is  only  on  a  small  scale  ; 
but  we  have  in  this  circumstance  simply  an  illustration  of 
the  methods  of  development  and  altered  conditions  in  the 
vegetable  kingdom.  In  the  vast  forest  which  in  Coal- 
Measure  times  stretched  over  wide  areas  reclaimed  from 
the  Carboniferous  sea,  the  most  abundant  and  conspicuous 
trees  were  arborescent  Pteridophytes ;  with  these  were 
associated  a  few  gymnospermous  types,  but  we  have  abso- 


1  Williamson  (4). 
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lutely  no  evidence  that  Angiosperms  were  represented  in 
the  vegetation  of  the  Palaeozoic  Era.  Now,  on  the  other 
hand,  the  Angiosperms  share  with  the  Gymnosperms  the 
making  of  our  forests,  and  with  the  exception  of  some 
ferns,  the  Vascular  Cryptogams  are  to  a  large  extent  small 
herbaceous  plants  clinging  as  epiphytes  to  the  stems  of 
phanerogams  or  tree-ferns,  or  growing  in  the  shade  of 
larger  trees.  In  the  Palaeozoic  forests  Calamites,  Lepido- 
dendrons  and  other  genera  had  to  struggle  upwards  for  the 
light,  and  like  the  contemporary  Gymnosperms  or  later 
Dicotyledons,  they  possessed  a  power  of  growth  which 
placed  them  on  a  comparatively  equal  footing  with  the 
more  highly  differentiated  forest  trees.  The  difference  in 
size  and  habit  of  life  between  the  Palaeozoic  and  recent 
lycopodinous  and  equisetinous  plants,  becomes  in  some 
measure  less  striking  when  we  bear  in  mind  the  fact  that 
the  trees  which  predominated  in  the  coal  period  vegetation 
have  since  assumed  a  secondary  importance,  and  have  been 
replaced  by  plants  which  are  the  outcome  of  other  lines  of 
development,  and  have  usurped  the  position  formerly 
occupied  by  types  on  a  lower  plane  of  organisation. 

In  the  recent  paper  by  Williamson  and  Scott  the 
generic  name  Calamites  is  used  in  the  wide  sense,  including 
Ca lamodendron  and  Calamites  of  other  authors.  It  may  be 
noted  in  passing  that  in  Binney’s  important  contribution  to 
our  knowledge  of  calamitean  structure  in  1868,  he  adopts 
the  genus  Calamodendron ,  but  admits  that  he  is  unable  to 
recognise  any  distinct  indication  of  the  existence  of  the  two 
forms  of  plants  insisted  on  by  Brongniart.1 

It  is  but  rarely  that  fragments  of  Calamites  stems  are 
met  with,  in  which  the  primary  structure  has  not  been 
added  to  by  the  formation  of  secondary  tissues.  The 
greater  part  of  the  pith  of  young  twigs  is  usually  hollow, 
and  the  regular  internal  boundary  of  the  parenchymatous 
tissue  suggests  an  originally  fistular  stem.  The  figures  of 
small  branches  given  by  Scott  and  Williamson,  and  in  a 
recent  paper  by  Hick2  “On  the  Primary  Structure  of  the 


1  Binney,  p.  16. 
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Stem  of  Calanutes show  a  ring  of  small  groups  of  xylem 
elements,  and  in  connection  with  each  strand  of  tracheae 
a  comparatively  large  canal.  The  resemblance  of  such  stems 
to  that  of  a  recent  Equisetum  is  exceedingly  close,  and  it  is 
rendered  still  more  real  by  the  occurrence  in  the  carinal 
canals  of  fragments  of  annular,  spiral,  or  more  rarely 
reticulate  tracheids.  Solms-Laubach,1  in  describing  the 
structure  of  Calanutes ,  suggests  that  “  in  the  lacunae,  or  the 
tissue  that  fills  them,  we  are  dealing  with  the  tracheal 
initial  strand  of  the  primary  bundle  ”  ;  the  observations  of 
Cormack,  Scott,  Williamson,  and  Hick  have  fully  con¬ 
firmed  this  rational  interpretation  of  these  Equisetum-like 
canals.  The  nature  of  the  primary  xylem  structure  is 
admirably  shown  in  an  oblique  transverse  section  figured 
by  Williamson  and  Scott.2  The  phloem  of  the  primary 
bundle  has  not  been  made  out  in  any  detail  ;  in  describing 
an  exceptionally  good  section  of  a  young  stem,  Hick  refers 
to  certain  small  elements  external  to  each  canal,  “which, 
from  their  position  and  their  distinct  character,  .  .  .  must 
be  regarded  as  the  phloem  of  the  primary  bundles  ”  ; 3  in  a 
longitudinal  section  these  elements  are  found  to  have  a 
narrow  elongated  form.  There  is  no  direct  evidence  of 
any  particular  tissue  which  can  be  designated  a  pericycle, 
nor  is  it  possible  to  demonstrate  satisfactorily  the  existence 
of  an  endodermal  layer.  Williamson  and  Scott  refer  to 
several  specimens  in  which  the  innermost  cortical  layer 
consists  of  regular  thin-walled  cells,  fairly  distinct  from  the 
rest  of  the  tissue,  and  Hick  figures  and  describes  a  sharply 
defined  black  line  passing  round  the  stem  in  a  position 
suggestive  of  an  endodermis. 

1  he  greater  part  of  the  cortex  of  a  young  branch 
consists  internally  of  parenchyma,  with  occasional  cells  full 
of  carbonaceous  matter,  and  which  are  probably  secretory 
sacs.  Occasionally  the  more  external  parts  of  the  cortex 
are  made  up  of  small  parenchymatous  cells  with  scattered 
thick-walled  elements,  and  the  outermost  layer  or  epidermis 

1  Fossil  Botany,  p.  298.  Oxford,  1891. 

2  PI.  lxxvii.,  fig.  4.  s  Hick  (2),  p.  161. 
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has  been  described  in  one  specimen  as  consisting  of  a  single 
layer  of  cells.  In  the  great  majority  of  calamitean  stems, 
of  which  the  internal  structure  is  preserved,  we  have  a 
greater  or  less  development  of  secondary  wood.  The 
additions  to  the  primary  bundles  were  brought  about  by 
the  activity  of  a  cambium  layer,  and,  as  in  a  typical  dicoty¬ 
ledonous  plant,  certain  cells  of  the  primary  medullary  rays 
became  meristematic  at  an  early  stage  of  the  plant’s  growth, 
and  gave  rise  to  interfascicularvascular  tissue.  The  secondary 
xylem  consists  of  radially  disposed  tracheae,  with  scalariform 
and  elliptical  pits  usually  confined  to  the  radial  walls.. 
The  distribution  of  the  pits  is  referred  to  by  Williamson 
and  Scott  as  a  fact  of  considerable  interest,  “for  it  indicates 
that  the  mechanism  for  the  passage  of  sap  through  the 
wood  of  Catamites  was  of  the  same  kind  as  that  existing'  in 

o 

recent  Conifercz  ”d  Associated  with  the  tracheae  are  regular 
rows  of  narrow  and  thinner- walled  elements ;  these  con¬ 
stitute  the  secondary  medullary  rays,  which  increase  in 
number  as  the  result  of  the  production  of  new  rows  of  ray 
cells,  as  we  pass  outwards  through  the  secondary  xylem. 
In  describing  the  manner  of  development  of  the  inter¬ 
fascicular  wood,  the  authors  of  the  recent  memoir  arrive  at 
the  conclusion  that  the  interfascicular  tracheae  arose  “by  the 
elongation  of  single  cells,  but  that  this  elongation  took 
place  in  the  cambium  cells  before  the  tracheae  were  cut  off 
from  them”.2  It  is  extremely  rare  in  the  large  stems  to 
find  any  well-preserved  cortical  tissue  ;  some  few  examples 
are  known  in  which  a  few  crushed  phloem  elements  can  be 
detected,  and  internal  to  these  the  remains  of  thin-walled 
cambium  cells.  In  the  outer  part  of  the  cortex  strands  of 
stereome  fibres  are  occasionally  found,  also  scattered  gum 
or  mucilage  sacs.  In  the  early  stages  of  growth  in  thick¬ 
ness  Catamites  presents  a  uniform  and  simple  type  of 
structure,  but  after  a  time  the  primary  medullary  rays  show 
certain  differences  in  their  method  of  growth,  which  enable 
us  to  institute  four  fairly  well-marked  types  of  stem  struc¬ 
ture.  These  mav  be  classed  as  follows  : — 

j 


1  Williamson  and  Scott,  p.  882. 


2  Ibid.,  pp.  886-887. 
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A.  The  principal  medullary  rays  remain  parenchymatous 
throughout  the  whole  thickness  of  the  secondary  wood. 
B.  The  principal  rays  disappear,  as  such,  towards  the 
exterior,  owing  to  the  formation  of  interfascicular  wood.1 

The  retention  of  Williamson’s  genus  Calamopitus 2  is 
thought  advisable  in  view  of  the  peculiar  structure  of  its 
medullary  rays,  and  other  distinctive  features.  The  type 
of  structure  characteristic  of  C alamo dendr on,  as  described 
by  Renault  and  others  from  France  and  Saxony,  has  not  so 
far  been  discovered  in  England. 

Turning  to  longitudinal  sections,  we  find  many  important 
facts  as  regards  the  course  of  the  xylem  strands  and  their 
behaviour  at  the  nodes.  The  course  of  the  bundles  “  is 
essentially  that  of  Equisetum.  If  we  trace  any  bundle  from 
below  upwards,  we  find  that  at  the  node  it  bends  out  in  a 
horizontal  direction,  forming  the  foliar  bundle,  which  is 
therefore  cut  transversely  in  a  tangential  direction.”  y  At 
each  node  the  numerous  anastomosing  bundles  form  a  pro¬ 
minent  mass  of  nodal  xylem,  which  is  seen  to  arch  inwards 
towards  the  diaphragms  ;  it  consists  largely  of  short  scalari- 
form  tracheae,  and  internally  of  the  innermost  elements  of 
the  primary  xylem.  The  diaphragms  uniting  the  nodal 
wood  across  the  flstular  pith  consist  of  parenchymatous 
cells,  in  which  there  occur  distinct  traces  of  meristematic 
divisions  parallel  to  the  upper  and  lower  surface,  suggesting 
the  formation  of  corky  tissue.  It  would  appear  that  the 
elements  of  the  xylem  are  tracheids,  and  not  vessels,  each 
being  developed  from  a  single  mother-cell.  In  looking  at  a 
tangential  section  through  the  secondary  wood  in  the  neigh¬ 
bourhood  of  a  node,  one  sees  alternating  strands  of  xylem 
tracheids  and  comparatively  broad  primary  medullary  rays  ; 
at  the  nodes  the  former  bifurcate  and  fuse  with  the  branches 
of  strands  below  the  node.  The  upper  ends  of  the  rays 
immediately  below  a  node  show  fairly  clearly  a  well-defined 
group  of  smaller  isodiametric  cells,  some  of  which  may  have 
thickened  walls.  These  infranodal  patches  of  the  ray  tissues 

1  Williamson  and  Scott,  p.  878. 

3  Williamson  and  Scott,  p.  875. 


2  Williamson  (1). 
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frequently  became  disorganised,  leading  to  the  formation  of 
the  infranodal  canals,  of  which  mention  has  already  been 
made  in  reference  to  the  markings  on  the  surface  of  a 
medullary  cast. 

Some  few  sections  of  stems  show  a  periderm  developed 
in  the  inner  region  of  the  cortex  ;  the  beginnings  of  such  a 
secondary  tissue  formation  appear  in  the  form  of  thin  tan¬ 
gential  walls  in  certain  cells  of  the  primary  cortex. 

Among  structureless  specimens  of  Catamites ,  it  is  a 
matter  of  common  occurrence  for  one  end  of  a  medullary 
cast  to  taper  somewhat  rapidly  to  a  point,  at  the  same  time 
being  slightly  curved  and  showing  a  considerable  decrease 
in  the  length  of  the  internodes.  Such  examples  are  casts  of 
the  medullary  cavity  of  branches,  the  pith  of  which  was  in 
organic  connection  with  the  pith  of  an  axis  of  higher  order ; 
the  place  of  insertion  of  the  branch  being  seen  as  a  shallow 
circular  depression  on  the  nodal  line.  In  the  Owens  College 
Museum,  Manchester,  there  is  a  particularly  good  specimen, 
showing  three  such  tapered  casts  in  contact  with  the  nodes 
of  a  stem.  A  tangential  section  through  the  wood  of  an 
axis  bearing  branches,  shows  that  the  latter  are  given  off 
immediately  above  the  nodes  ;  the  basal  portion  of  a  branch 
which  is  cut  through  on  its  way  out  from  the  parent  stem, 
presents  the  appearance  of  a  calamitean  axis  with  a  paren¬ 
chymatous  pith,  sometimes  hstular,  surrounded  by  a  ring  of 
collateral  bundles.  At  the  actual  base  of  a  branch,  the 
internodal  canals  are  absent,  but  somewhat  above  the  inner 
extremity  there  is  usually  noticed  a  small  gap  in  connection 
with  each  xylem  bundle.  In  these  spaces  there  have  been 
found  protoxylem  elements,  among  the  thin-walled  cells 
which  generally  occupy  each  lacuna,  thus  enabling  us  to 
recognise  in  these  spaces  the  homologues  of  the  carinal 
canals  of  ordinary  stems.  In  certain  cases  the  branches 
appear  to  have  become  abortive  ;  this  is  rendered  highly 
probable  by  the  peculiar  structure  occasionally  seen  in  a 
transversely  cut  axis,  on  its  way  through  the  parent  stem. 
Such  abortive  branches  became  subsequently  enclosed  by  a 
kind  of  callus  wood,  developed  by  the  activity  of  a  meristem 
layer,  formed  across  the  region  of  the  pith.  The  branches 
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of  Catamites  were  probably  developed  in  a  manner  precisely 
similar  to  that  in  Equisetum.  • 

Some  years  ago  Williamson  figured  and  described  several 
sections  of  well-preserved  axes,  showing  a  distinct  resem¬ 
blance  to  calamitean  stems,  but  differing,  as  regards  the 
structure  of  the  wood,  in  the  absence  of  carinal  canals. 
These  he  at  first  regarded  as  some  form  of  Catamites ,l  but 
subsequently  transferred  them  to  a  new  genus  Astromyelon. 2 
That  the  earlier  opinion  was  correct  has  been  since  demon¬ 
strated  by  the  discovery  of  French  silicified  specimens,  in 
which  an  A stromyeton  axis  occurs  in  direct  continuity  with 
a  Catamites  stem,  and  has  been  shown  to  be  the  adventitious 
root  of  that  genus.3  In  young  examples  of  this  root  there 
have  been  recognised  alternate  strands  of  xylem  and 
phloem,  the  tracheids  showing  a  distinct  centripetal 
manner  of  development  characteristic  of  root  structures. 
The  secondary  wood  agrees  closely  with  that  of  the 
stem.  A  constant  feature  of  the  cortex  is  its  lacunar 
zone  ;  there  appears  to  be  evidence  of  the  existence  of  a 
double  endodermis,  also  a  protective  epidermoidal  layer 
immediately  internal  to  the  epidermis.4 

In  a  recent  work  by  Renault,  of  which  plates  were 
published  some  months  ago,  but  unfortunately  without  any 
accompanying  text,  there  are  several  excellent  figures  of 
these  adventitious  roots  of  Catamites ,  spoken  of  in  the 
explanation  of  the  figures  as  “stolons”  of  Arthropitys. 5 
The  numerous  specimens  of  Catamites  represented  in  this 
volume  lead  us  to  look  forward  with  particular  interest  to 
the  appearance  of  the  descriptive  text. 

Among  the  plants  of  the  Coal  Measures  there  are  fre¬ 
quently  found  long  and  narrow  strobili  made  up  of  a  central 
axis  bearing  verticils  of  linear  leaves.  Many  of  these  have 
been  classified  by  W eiss,  and  referred  to  different  provisional 


1  Williamson  (i),  pi.  xxv.,  fig.  16. 

2  Ibid.  (3),  p.  319.  8  Renault. 

4  A  full  description  of  these  roots  may  be  looked  for  in  a  forthcoming 

paper  by  Williamson  and  Scott. 

5  Renault,  pi.  lvi.,  etc. 


A  TYPE  OF  PALAEOZOIC  PLANTS. 


405 


genera.  Several  are  commonly  regarded  as  distinctly 
calamitean  in  affinity,  but  it  is  nearly  always  impossible  to 
speak  definitely  as  to  the  nature  of  the  plant  to  which  they 
belonged.  1  One  of  these  cones  has  been  known  for  some 
time  as  C alamo stachys  Binneyana  Schimp.  A  recent  re¬ 
examination  of  this  species,  in  which  the  histological  struc¬ 
ture  is  very  clearly  present,  has  led  Hick,2  and  Scott  and 
Williamson  to  the  conclusion  that  it  is  most  probably  a 
strobilus  of  some  form  of  Calamites ,  thus  confirming  the 
views  expressed  by  Carruthers  in  1867.  Its  structure  may 
be  briefly  summarised  as  follows  :  a  slender  axis  traversed 
by  a  stele  consisting  of  a  pith  surrounded  by  a  ring  of 
bundles,  the  persistent  central  tissue  consisting  of  thick- 
walled  cells  in  the  peripheral  portion,  and  thinner-walled 
elements  in  the  centre.  In  some  cases  the  central  cylinder 
is  triangular  in  form,  in  others  quadrangular.  The  position 
of  the  protoxylem  elements  is  marked  by  somewhat  irregular 
spaces ;  the  bundles  are  of  the  collateral  type,  and  frequently 
secondary  fascicular  and  interfascicular  xylem  has  been 
added  to  the  primary  bundles.  The  cortical  tissue  consists 
of  thick-walled  cells  towards  the  periphery,  and  more  delicate 
cells  internally.  Attached  to  this  central  axis,  which  it 
should  be  noted  shows  a  distinct  calamitean  type  of  struc¬ 
ture  at  the  nodes,  there  are  numerous  alternating  whorls  of 
sterile  and  fertile  lateral  appendages,  the  former  being 
spoken  of  as  bracts,  the  latter  as  sporangiophores.  Each 
whorl  of  bracts  is  made  up  of  about  twelve  segments  ad¬ 
herent  basally  in  the  form  of  a  disk,  which  is  split  up  at  its 
margin  into  separate  linear  segments  turned  sharply  up¬ 
wards  at  right  angles  to  the  undivided  basal  portion.  Each 
linear  segment  is  traversed  by  a  small  vascular  strand.  The 
sporangiophores  forming  the  fertile  verticils  are  usually  half 
as  numerous  as  the  bracts  ;  each  consists  of  a  pedicel, 
terminating  distally  in  a  peltate  expansion,  and  bearing  four 
sporangia  containing  numerous  spores,  often  grouped  to¬ 
gether  in  tetrads.  This  form  of  cone  appears  to  be  always 
homosporous.  Each  pedicel  contains  a  single  bundle, 


1  Weiss  (1). 


2  Hick  (1). 


406 


SCIENCE  PROGRESS. 


which  ultimately  breaks  up  into  four  branches  to  supply  the 
sporangia.  A  fact  of  special  interest  in  connection  with  the 
spores,  is  the  frequent  occurrence  of  feebly  developed  sister- 
cells.  Speaking  of  this,  Williamson  and  Scott  suggest  that 
in  these  small  spores  we  have  “the  beginning  of  spore- 
abortion,  involving  improved  nutrition  of  the  surviving 
spores”.  In  another  form  of  Calamostachys ,  C.  Casheana 
Will.,  “  the  same  process,  carried  further  in  certain 
sporangia,  has  led  to  the  formation  of  specially  favoured 
macrospores”;  these  facts  point  to  Calamostachys  as  “a 
genus  in  which  the  first  rise  of  the  phenomenon  of  hetero- 
spory  can  be  traced 

In  1 8871  2 3  Williamson  described  a  strobilus  with  a  typical 
calamitean  axis  as  “the  true  fructification  of  Catamites"? 
This  has  since  been  named  Catamites  pedunculatus  Will, 
and  Scott.  In  assigning  a  specific  name  to  this  cone  it 
would,  perhaps,  have  been  better  to  draw  up  a  concise 
specific  diagnosis ;  as  it  is,  one  is  left  to  formulate  a 
definition  from  the  published  figures  and  descriptions. 
In  this  strobilus  the  sporangiophores  are  borne  at  the  base 
of  the  coherent  bracts  or  disks,  conforming  in  this  respect 
to  Weiss’  type  Palceostachya ;  each  sporangiophore  bore 
four  sporangia,  but  no  peltate  expansion  has  been  seen  in 
the  specimens  hitherto  examined.4 

Having  attempted  this  very  brief  and  imperfect  summary 
of  Catamites ,  we  may  endeavour  in  the  shortest  possible 
manner  to  answer  the  question  :  “  How  far  does  Catamites 
agree  with  Equisetum  in  essential  morphological  characters?” 
Putting  aside  the  absence  of  true  secondary  thickening  in 
the  recent  equisetaceous  species,  the  “  primary  structure,  on 
which  in  Catamites  the  secondary  zone  is  superposed,  is  almost 

1  Williamson  and  Scott,  p.  91 1. 

2  This  form  of  cone  was  first  described  by  Williamson  in  1869,  but  the 
specimens  were  much  less  complete  than  those  figured  in  the  later  paper 
(1887). 

3  Williamson  (5). 

4  Another  form  of  Calamostachys  has  recently  been  described  by 
Hick  and  Lomax,  and  named  by  them  C.  oldhainia  (Manchester  Lit.  and 
Phil.  Mem.  and  Proc. ,  p.  1,  1894). 
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identical  in  the  two  genera”.1  In  Catamites  the  leaves  were 
separate  ;  in  Equisetum  they  cohere  to  form  a  sheath  ;  in 
both  genera  the  position  of  the  branches  is  the  same.  In 
Catamites  the  vascular  bundles  do  not  always  alternate  at 
the  nodes  as  in  Equisetum ,  but  in  their  collateral  form,  and 
in  the  character  of  their  elements,  the  vascular  tissue  of  the 
two  plants  is  in  close  agreement.  As  regards  the  fructifi¬ 
cation,  one  important  fact  to  notice  is  the  occurrence  of  a 
heterosporous  form  of  Calamostachys  (C.  Casheana  Will.) ; 
this  agrees  closely  with  C.  Binneyana  Schimp,  and  must 
probably  be  included  with  that  species  as  a  calamitean 
strobilus,  differing  chiefly  in  the  possession  of  macrospores 
and  microspores  from  the  cone  of  a  recent  Equisetum. 

It  is  unfortunate  that  we  are  without  any  information  as 
to  the  structure  of  the  numerous  equisetaceous  stems  which 
reached  such  a  large  size  in  the  Triassic  period  ;  and  in  the 
later  Jurassic  and  Wrealden  rocks  still  surpassed  in  the 
breadth  of  stem  our  present  representatives  of  this  ancient 
genus.  Without  further  knowledge  of  the  fossil  Equisetitesy 
we  cannot  hope  to  completely  fill  up  the  lacunae  in  the 
records  of  equisetaceous  and  calamarian  development. 

In  his  later  memoirs  on  Carboniferous  plants  Professor 
Williamson  made  it  a  rule,  in  the  explanation  of  plates,  to 
add  the  number  of  the  page  on  which  each  figure  was 
referred  to.  It  would  be  a  great  convenience  if  this  custom 
were  continued  in  the  “  Further  Observations  on  the  Or¬ 
ganisation  of  the  Fossil  Plants  of  the  Coal  Measures,”  in 
which  new  series  we  may  hope  to  have  a  succession  of 
memoirs  of  the  highest  importance  to  botanical  science. 
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A  S  the  blood  circulates  through  the  capillary  blood-ves- 
1~\  sels,  some  of  its  liquid  constituents  exude  through  the 
thin  walls  of  these  vessels,  carrying  nutriment  to  the  tissue 
elements.  This  exudation  is  called  lymph  ;  it  receives 
from  the  tissues  the  products  of  their  activity,  and  is  col¬ 
lected  by  the  lymph  channels,  which  converge  to  the 
thoracic  duct — the  main  lymphatic  vessel — and  thus  the 
lymph  once  more  re-enters  the  blood  stream  near  to  the 
entrance  of  the  large  systemic  veins  into  the  right  auricle. 

Lymph  is  a  fluid  which  comes  into  much  more  intimate 
relationship  with  metabolic  processes  in  the  tissues  than  the 
blood,  and  the  composition  and  mode  of  formation  of  lymph 
-are  exceedingly  important  and  interesting  physiological 
questions. 

Like  most  physiological  problems  it  has  undergone  many 
vicissitudes.  After  the  disappearance  of  a  belief  in  a  special 
vital  force,  Ludwig  and  his  pupils  taught  that  the  formation 
of  lymph  was  a  physical  process  in  which  filtration  played 
the  most  important  part.  There  have  always  been  diffi¬ 
culties  in  the  way  of  a  full  acceptance  of  this  view,  and 
within  recent  years  Heidenhain  has  urged  that  in  the 
normal  formation  of  lymph,  filtration  plays  little  or  no  part ; 
but  that  lymph  is  really  formed  by  the  selective  or  secretory 
activity  of  the  endothelial  cells  which  make  up  the  walls 
•of  the  capillary  blood-vessels.  A  dictum  of  this  kind  sup¬ 
ported  by  exhaustive  and  careful  experiments,  coming  from 
a  master  of  his  science,  was  accepted  with  readiness  by  a 
considerable  number  of  physiologists. 

It  came  at  a  time  when  with  the  swing  of  the  pendulum 
physiologists  were  beginning  to  question  whether  physics 
and  chemistry  would,  after  all,  explain  all  vital  problems, 
and  when  in  consequence  a  new  school  of  “  vitalists  ”  was 
rising  up.  Physiological  absorption  is  something  else  than 
mere  filtration  and  absorption,  and  so  the  view  that  in 
lymph  formation  there  is  also  the  vital  action  of  cells  to  be 
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reckoned  with,  fitted  in  very  well  with  the  conceptions  of 
the  neo-vitalists. 

Although  Heidenhain’s  paper  was  only  published  in 
1891  there  have  been  numerous  researches  on  the  same 
subject  published  since.  In  some  of  these  (e.g..  Hamburger’s) 
Heidenhain’s  views  are  confirmed,  while  in  other  cases  ( e.g ., 
those  of  Cohnstein  and  Starling),  Heidenhain’s  conclusions 
are  disputed,  though  there  is  no  question  as  to  the  validity 
of  his  experimental  facts. 

In  the  review  of  this  subject  that  now  follows,  I  propose 
to  deal  with  these  theories  of  lymph  formation,  restricting* 
myself,  however,  to  a  few  of  the  typical  researches,  and  not 
attempting  to  give  a  resume  of  all  the  papers  that  have 
appeared.  It  will  be  convenient  to  take  this  matter  in  the 
following  order  :  first  to  state  Ludwig’s  original  position, 
then  rapidly  to  pass  through  the  various  difficulties  that 
stood  in  the  way  of  the  full  acceptance  of  his  hypothesis  ; 
next  to  deal  rather  fully  with  Heidenhain’s  epoch-making 
research,  and  lastly,  to  consider  the  weighty  objections  that 
Starling  has  urged  against  Heidenhain’s  views,  and  which 
tell  in  favour  of  the  older  idea  of  Ludwig. 

Ludwig1  speaks  of  the  lymph  flow  as  being  conditioned 
by  two  factors — first,  differences  in  the  pressure  of  the  blood 
in  the  capillaries  and  the  fluid  in  the  tissue  spaces  giving 
rise  to  a  filtration  of  fluid  through  the  capillary  walls,  and 
secondly,  chemical  differences  between  these  two  fluids, 
setting  up  osmotic  interchanges  through  the  wall  of  the 
blood-vessel.  If  the  lymph  is  produced  by  a  simple  act  of 
filtration,  then  the  amount  of  lymph  must  rise  and  sink  with 
the  value  of  D  —  d,  D  representing  the  capillary  blood 
pressure,  and  ct  the  pressure  in  the  tissue  spaces. 

In  support  of  this  mechanical  theory,  various  workers  in 
the  Leipzig  laboratory  showed  (1)  that  increased  capillary 
pressure,  due  to  obstruction  of  the  venous  outflow,  increases 
the  amount  of  lymph  formed  ;  (2)  that  diminution  of  the 
pressure  in  the  lymph  spaces,  by  squeezing  out  the  lymph 
previously  contained  in  them,  led  to  an  increase  in  the 
transudation.  On  the  other  hand,  active  hyperaemia  was 
1  Lehrbuch  der  Physiologic ,  Bd.  ii.,  p.  562  (2nd  edit.,  1861). 
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not  found  to  increase  the  flow  of  lymph  in  any  marked 
degree  (Paschutin,1  Emminghaus,2  Rogowicz3). 

In  other  researches  curare  was  found  to  have  a  specific 
influence  in  increasing  the  lymph  flow  (Paschutin,  Rogo¬ 
wicz),  and  in  others  stimulation  of  certain  nerves  was  found 
to  have  a  similar  effect  (Ostroumoff).  These  difficulties 
were  differently  interpreted  by  different  physiologists,  and 
although  such  expressions  as  “changes  in  the.  capillary 
walls,”  “an  active  property  in  the  cells  of  the  capillaries,” 
etc.,  do  occur,  there  was  nothing  positive.  They,  however, 
paved  the  way  to  Heidenhain’s  work,4  and  to  the  considera¬ 
tion  of  his  paper  we  can  now  pass. 

Almost  all  previous  experiments  had  been  made  on  the 
lymph  of  the  extremities,  but  Heidenhain  performed  his 
researches  by  observing  the  amount  of  lymph  coming  from 
the  thoracic  duct  in  fasting  dogs.  A  cannula  was  placed  in 
the  thoracic  duct,  by  means  of  which  the  lymph  was 
collected.  The  first  series  of  experiments  were  those  in 
which  mechanical  interferences  with  the  circulation  were 
brought  about.  The  aorta  was  plugged  by  means  of  an 
elastic  ball  introduced  through  the  right  carotid  artery.  On 
the  mechanical  theory  one  would  expect  the  outflow  of 
lymph  to  cease  or  nearly  so  with  the  fall  of  blood  pressure 
that  was  the  result  of  this  procedure.  But  though  the 
pressure  as  measured  in  the  crural  artery  fell  nearly  to  zero, 
the  lymph  was  found  to  go  on  flowing  for  one  or  two  hours. 
In  the  next  set  of  experiments  the  portal  vein  was  ligatured 
near  the  liver ;  this  led  to  a  great  hyperaemia  of  the 
abdominal  organs  ;  while  the  arterial  pressure  fell  from  100 
to  80  mm.  of  mercury,  the  quantity  of  lymph  increased  about 
fourfold,  and  the  percentage  of  proteids  in  it  fell  from  6*5 
to  4 ‘4  per  cent.  Simultaneous  occlusion  of  both  portal  vein 
and  aorta  still  produced  an  increased  lymph  flow.  In  the 
third  set  of  experiments  the  vessel  occluded  was  the 
inferior  vena  cava  above  the  diaphragm  ;  the  results  of  this 
were  that  the  intestines  became  anaemic,  the  liver  and 


1  Ludwig's  Arbeiten,  1873,  P*  95- 
8  Pflilgers  Archiv,  xxxvi.,  p.  252. 


2  Ibid.,  p.  396. 

4  Ibid.,  xlix.,  1891. 
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kidneys  hypersemic,  and  the  lymph  stream  (in  spite  of  the 
fall  of  pressure  in  the  aorta)  began  to  flow  more  freely,  and 
its  organic  constituents  became  more  abundant. 

Heidenhain  considered  that  these  experiments  indicate 
that  filtration  cannot  be  the  main  factor  in  the  production  of 
lymph  from  the  blood  stream. 

In  the  latter  part  of  his  research,  to  which  we  now  come, 
an  entirely  different  set  of  experiments  supported  this, 
conclusion.  He  follows  up  the  suggestion  originally  made 
by  Rogowicz  that  substances  exist  which,  like  curare,  have 
a  specific  action  in  increasing  the  transudation  from  the 
blood-vessels,  just  as  diuretics  increase  the  secretion  of 
urine  from  the  kidney.  To  this  class  of  substances  he  has 
given  the  name  of  lymphagogues  ;  and  these  he  further 
divides  into  two  classes.  The  first  class  cause  an  increased 
flow  of  more  concentrated  lymph  ;  the  plasma  of  the  blood 
is  diminished  in  quantity  and  the  amount  of  solids  it  con¬ 
tains  is  also  lessened.  Long-continued  obstruction  of  the 
aorta  annuls  their  action  from  injury  to  the  secretory  endo¬ 
thelium  of  the  abdominal  vessels.  The  increased  lymph 
flow  is  derived  from  the  blood.  It  may  be  called  “  blood 
lymph  ”.  In  the  greater  number  of  cases  the  chemical 
constitution  of  these  substances  is  unknown,  and  the 
materials  are  most  diverse,  consisting  of  extracts  of  muscles 
of  crabs  and  crayfish,  heads  and  bodies  of  leeches,  mussels, 
dog’s  liver,  peptone,  and  egg  albumin.  These  substances, 
are  supposed  to  stimulate  the  activity  of  the  secreting  endo¬ 
thelium  of  the  blood-vessels. 

The  second  class  of  lymphagogues  contains,  on  the  other 
hand,  such  well-characterised  chemical  substances  as  grape 
sugar,  common  salt,  urea  and  other  crystalloids.  These  in¬ 
crease  the  lymph  flow,  but  the  lymph  becomes  more  watery 
than  before.  The  blood  at  the  same  time  becomes  also  more 
watery,  so  that  the  excess  of  lymph  cannot  be  derived  from 
the  blood,  but  must  come  from  the  tissues.  It  may  be 
termed  “  tissue  lymph  ”.  Diuresis  precedes  and  accompanies 
the  increased  lymph  flow.  In  the  case  of  these  lympha¬ 
gogues  a  physical  explanation  will  in  part,  but  not  wholly, 
explain  the  phenomena ;  the  substances  rapidly  diffuse  out 
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from  the  blood  into  the  lymph  spaces,  and  when  there 

attract  water  from  the  tissues.  Long-continued  obstruction 
of  the  aorta  does  not  annul  their  action.  When  the  aorta 
is  closed  for  over  an  hour,  injection  of  crab  extract  fails  to 
produce  a  formation  or  secretion  of  lymph;  but  thirty  or  forty 
grains  of  sugar  cause  at  once  an  increased  lymph  stream. 

From  these  experiments,  Heidenhain  distinguishes 
between  the  two  kinds  of  lymph,  “blood  lymph”  and 
“tissue  lymph  he  regards  the  capillary  wall  not  merely  as 
a  passive  membrane  or  filter,  but  one  capable  of  exerting 
secretory  or  selective  activity,  just  as  the  renal  epithelium 
selects  from  the  blood  the  materials  it  pours  into  the  urine. 
This  secretory  action  is  stimulated  by  the  substances 
included  in  his  first  class  of  lymphagogues.  He,  moreover, 
points  out  that  the  outflow  of  lymph  from  the  thoracic  duct 
is  nearly  the  same  whether  the  aortic,  pressure  is  10  or 
100-200  mm.  of  mercury,  and  so  blood-pressure  cannot  be 
an  important  factor  in  lymph  formation  ;  and  though  he 
admits  that  in  venous  obstruction  an  outflow  of  fluid  takes 
place  as  a  result  of  filtration,  yet  he  considers  in  the  normal 
condition  filtration  plays  no  part  whatever.  This  view  he 
founds  chiefly  on  the  action  of  his  lymphagogues,  which 
increase  the  amount  of  lymph  to  a  marvellous  degree,, 
without  a  corresponding  alteration  in  arterial  blood  pressure, 
and  the  chemical  composition  of  the  lymph  so  formed  is 
incompatible  with  any  mechanical  theory  ;  for  instance,  after 
the  injection  of  sugar,  the  percentage  of  sugar  in  the  lymph 
rises  considerably  over  that  in  the  blood. 

Such  then  are  the  main  features  of  a  piece  of  work 
which  has,  during  the  last  few  years,  exercised  sucH  a 
profound  influence  on  the  conceptions  of  modern  physiology. 

As  previously  stated,  it  will  be  my  duty  in  conclusion 
to  give  a  resume  of  the  work  which  Starling  has  done,  and 
which  has  led  him  to  oppose  Heidenhain’s  conclusions.  The 
papers  he  has  written  are  four  in  number,  and  they  have  all 
been  published  in  the  Journal  of  Physiology} 

1Vol.  xiv.,  p.  131  ;  vol.  xvi.  (with  W.  M.  Bayliss),  p.  159;  vol.  xvi.,. 
p.  224  ;  vol.  xvii.,  p.  30. 
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The  first  of  these  papers  was  the  result  of  work  carried 
out  at  Breslau  under  Prof.  Heidenhain’s  own  .superin¬ 
tendence,  and  in  it  he  accepts  Heidenhain’s  hypothesis ; 
but  further  research  (embodied  in  the  three  succeeding 
papers),  carried  out  in  London,  has  led  him  to  abandon 
this  in  favour  of  Ludwig’s  mechanical  filtration  theory.  He, 
however,  concludes  his  last  paper  in  these  words  :  “  I  think 
I  ought  to  emphasise  the  fact  that  my  experiments  are 
merely  a  continuation  and  not  a  refutation  of  those  of 
Heidenhain.  Not  a  single  experimental  result  in  his  paper, 
but  I  have  been  able  to  confirm.  Indeed,  to  Prof.  Heiden¬ 
hain’s  work  and  teaching  I  am  indebted  for  all  the  results 
that  I  have  succeeded  in  obtaining.” 

With  this  preface,  it  will  be  next  convenient  to  take 
Starling’s  four  papers  one  by  one. 

The  first  paper  relates  to  some  points  in  reference  to 
lymphagogues  of  the  first  class,  peptone  being  specially  se¬ 
lected,  as  it  is  a  fairly  well-characterised  chemical  substance. 
The  question  investigated  was  whether  the  stimulus  to  the 
■endothelial  cells  lies  in  the  alteration  produced  in  the  blood 
by  the  injected  material,  or  in  the  substance  actually  in¬ 
jected.  As  peptone  was  believed  to  disappear  rapidly  from 
the  blood  after  its  injection,  still  leaving  the  blood,  however, 
in  a  profoundly  altered  condition, 'the  solution  of  the  question 
was  attempted  in  this  wise:  If  the  alteration  of  the  blood 
is  the  cause  of  the  increased  lymph  flow,  the  injection  into 
a  dog  of  a  large  amount  of  blood  altered  by  peptone,  but 
containing  little  or  none  of  this  body,  should  produce  a  flow 
of  lymph  similar  to  that  brought  about  by  a  direct  intro¬ 
duction  of  peptone.  After  preliminary  control  experiments 
with  the  injection  of  normal  blood,  the  conclusion  is  drawn 
that  it  is  the  peptone  itself  that  causes  the  increased  flow  of 
lymph.  The  principal  fact  made  out,  however,  is  this,  that 
peptone  may  be  detected  in  the  blood  for  a  considerable 
time  (two  hours)  after  its  injection.  This  is  contrary  to  the 
statements  of  previous  observers,  who  used  methods  for 
detecting  peptone  which  are  not  at  all  delicate.  In  fact  the 
chief  value  of  this  research  was. the  introduction  of  a  rapid 
and  trustworthy  method  for  detecting  proteoses  (albumoses) 
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and  peptone  in  the  presence  of  large  quantities  of  other 
proteids  like  albumins  and  globulins,  such  as  occur  in  the 
blood.  The  method  consists  in  adding  to  the  blood  an 
equal  volume  of  a  ten  per  cent,  solution  of  trichloracetic 
acid,  and  filtering.  The  precipitate  consists  of  the  albumins 
and  globulins,  the  filtrate  contains  the  proteoses  and  pep¬ 
tones.  This  method  has  yielded  most  valuable  results  in 
the  hands  of  subsequent  observers,  only,  as  C.  J.  Martin1 
points  out,  it  is  advisable  to  boil  the  mixture  before  filtering, 
and  filter  hot,  as  in  the  cold  proteoses  are  partly  precipitated 
by  this  reagent ;  the  precipitate,  however,  is  soluble  on 
heating. 

Starling’s  next  paper,  written  in  conjunction  with  W. 
M.  Bayliss,  relates  to  the  subject  of  capillary  pressure. 
They  point  out  that  in  Heidenhain’s  experiments  on  the 
relation  of  lymph  formation  to  blood  pressure,  the  arterial 
blood  pressure  is  the  only  factor  measured,  and  is  spoken  of 
as  if  it  were  synonymous  with  or  varied  directly  as  the 
capillary  pressure.  Now  this  can  only  be  generally  true  if 
the  vascular  system  were  composed  of  tubes  through  which 
fluid  was  flowing  from  an  inexhaustible  reservoir.  But  the 
vascular  system  is  a  closed  system  of  tubes  with  definite 
capacity,  and  containing  a  definite  amount  of  fluid,  and 
between  the  capillaries  and  the  arterial  pressure  is  situated 
the  peripheral  resistance,  that  is  the  arterioles,  so  that  unless 
we  are  certain  that  these  arterioles  do  not  vary  in  calibre,  it 
is  impossible  to  say  that  a  rise  of  arterial  pressure  will 
occasion  a  corresponding  rise  in  the  capillaries  beyond  the 
peripheral  resistance.  The  venous  pressure  would  be  a 
better  measure  of  capillary  pressure,  but  it  is  best  of  all  to 
take  simultaneously  arterial  and  venous  pressure,  that  is  the 
pressure  on  each  side  of  the  capillaries,  since  it  is  not 
practicable  to  measure  the  capillary  pressure  directly. 
Remembering  this  principle,  but  without  going  into  the 
details  of  the  experiments,  it  will  be  useful  next  to  glance 
through  the  following  table,  which  gives  the  main  con¬ 
clusions  arrived  at : — 


1 Journal  of  Physiology,  xv.,  375. 
29 
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Capillary  Pressure. 

Procedure  Employed. 

In  Intestines. 

In  Liver. 

Section  of  spinal  cord 

Fall 

Slight  fall 

Stimulation  of  vagus.  Cord 

Large  fall 

Slight  rise 

cut 

Do.  Splanchnics  cut 

Large  fall 

Slight  rise 

Do.  Normal 

Fall  during, 

Rise  during,  normal 

rise  after 

after  excitation 

Asphyxia,  normal 

excitation 
Slight  rise  (?) 

Rise  till  death 

Asphyxia,  with  cord  or 

then  a  grad¬ 
ual  fall 

Fall 

(?)  Probably  unaltered 

splanchnics  cut 

Excitation  of  splanchnics 

Rise  after  ex- 

Slight  rise  (?)  during 

citation 

excitation 

Anaemia 

Fall 

Fall 

Plethora  and  hvdrsemic 

Large  rise 

Large  rise 

plethora 

Simple  hydrsemia 

Unaffected 

Unaffected 

Obstruction  of  aorta 

Large  fall 

Either  unaffected  or 

Obstruction  of  inferior  vena 

Unaffected  (?) 

a  slight  rise 

Very  large  rise 

cava  above  diaphragm 

Obstruction  of  portal  vein 

Very  large  rise 

Fall 

The  last  three  experiments  in  the  table  are  those  which 
Heidenhain  performed,  and  it  will  be  seen  how  fallacious  it 
is  to  argue  that  a  fall  in  arterial  blood  pressure  necessarily 
implies  a  fall  of  pressure  in  all  the  capillary  areas  of  the 
body  ;  and  Starling  devotes  his  third  paper  to  pressing  this 
point  home  in  special  reference  to  Heidenhain’s  work,  with 
the  result  that  he  regards  intra-capillary  pressure  as  the 
chief  factor  in  lymph  production.  To  take  the  three 
experiments  just  referred  to  :  In  obstruction  of  the  aorta 
the  lymph  flow  still  goes  on,  though  in  diminished  quantity  ;  N 
this  is  because  the  capillary  pressure  in  the  liver  is  either 
unaffected,  or  undergoes  a  slight  rise,  the  lymph  which  con¬ 
tinues  to  flow  coming  from  the  liver  ;  in  obstruction  of  the 
inferior  vena  cava,,  the  large  increase  of  lymph  is  due  to  the 
very  large  increase  of  capillary  pressure  in  the  liver,  whereas 
in  obstruction  of  the  portal  vein  the  increase  is  due  to  rise 
of  capillary  pressure  in  the  intestines  and  other  parts  of  the 
portal  area. 

We  may  here  in  passing  allude  to  Hamburger’s1  work 
1  Zeitsch.  /.  Biol .,  xxx.,  p.  143  (1893). 
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on  this  subject.  His  experiments  made  on  horses  led  him  to 
three  main  conclusions  in  support  of  Heidenhain’s  views  : — 

1.  That  the  amount  of  lymph  may  rise  when  the  arterial 
pressure  is  diminished.  But,  as  already  pointed  out,  arterial 
pressure  alone  is  no  measure  of  intra-capillary  pressure. 

2.  The  proportional  composition  of  blood-serum  is  not 
the  same  as  that  of  the  lymph  produced  at  the  same  time. 

3.  The  osmotic  pressure  of  the  lymph  is  higher  than 
that  of  the  blood-plasma. 

Starling  points  out  that  these  two  latter  arguments  lose 
a  good  deal  of  their  weight  if  it  is  remembered  that  the 
amount  of  lymph  obtained  is  extremely  small,  and  that  we 
do  not  know  what  changes  it  had  undergone  on  its  way 
through  the  tissues  ;  it  is  quite  possible  it  may  have  taken 
up  excess  of  salts  from  the  tissue  cells  ;  certainly  the  meta¬ 
bolic  changes  in  the  tissues  would  increase  the  osmotic 
pressure  of  the  lymph  that  bathes  them. 

In  his  last  article  Starling  tackles  the  important  subject 
of  lymphagogues,  and  here  again  he  considers  that  just  as 
in  the  experiments  involving  mechanical  interferences  with 
the  circulation,  the  increase  of  lymph  can  be  explained  by 
the  filtration  hypothesis,  and  that  recourse  to  a  theory  of 
lymph  secretion  is  superfluous. 

Take  the  second  class  of  lymphagogues  (sugar,  etc.)  first ; 
the  mechanical  explanation  of  their  action  is  as  follows  :  On 
their  injection  into  the  blood,  the  osmotic  pressure  of  the 
circulating  fluid  is  largely  increased,  and  so  water  is  attracted 
from  lymph  and  tissues  into  the  blood  by  a  process  of  osmosis 
until  the  osmotic  pressure  of  the  blood  is  restored  to  the 
normal.  A  condition  ofhydraemic  plethora  is  thereby  pro¬ 
duced,  attended  with  a  rise  of  pressure  in  the  capillaries 
generally,  especially  in  those  of  the  abdominal  viscera, 
which  causes  a  great  increase  in  the  transudation  of  fluid 
from  the  capillaries,  and  therefore  in  the  lymph  flow  from  the 
thoracic  duct.  Heidenhain  pointed  out  that  the  lympha- 
gogue  effect  of  these  substances  is  proportional  to  their 
osmotic  pressures,  and  therefore  to  the  figure  obtained  by 
dividing  their  osmotic  co-efficient  by  their  molecular  weight. 
Since  the  hyclraemic  plethora  must  be  also  proportional  to 
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this  amount,  it  follows  that  the  intra-capillary  pressure 
will  be  proportional  to  the  same  quantity,  and  thus  all  the 
facts  can  be  explained  by  the  filtration  hypothesis. 

Members  of  the  first  class  of  lymphagogues  act  injuri¬ 
ously  on  the  endothelial  cells  of  the  capillaries,  especially 
in  the  liver,  increasing  their  permeability  ;  and  also  on  the 
muscular  walls  of  the  blood-vessels,  especially  in  the  splanch¬ 
nic  area,  producing  vascular  dilatation,  and  thirdly  on  the 
heart  muscle  ;  the  increased  flow  of  lymph  is  thus  not  a 
physiological  but  a  pathological  occurrence,  and  is  due  to  the 
increased  permeability  of  the  hepatic  capillaries,  nearly  all 
of  the  increased  lymph  flow  being  derived  from  the  liver. 

It  will  be  remembered  that  Heidenhain  stated  that,  after 
long-continued  obstruction  of  the  aorta,  the  first  class  of 
lymphagogues  no  longer  produce  an  increased  lymph  flow. 
This  Starling  finds  is  perfectly  true  ;  but  obstruction  of  the 
aorta  is  a  very  serious  proceeding  ;  it  causes  extreme 
injury  to  the  vessel  walls,  such  that  when  the  aorta  is  again 
released  the  pressure  in  the  portal  vein  rises  very  slowly, 
and  the  intestines  are  found  full  of  a  yellow  pasty  mass, 
consisting  of  desquamated  epithelium  cells  ;  in  fact  there  in¬ 
here  an  exquisite  example  of  Cohnheim’s  experiment  in  the 
production  of  inflammation  by  anaemia.  Thus  it  is  evident 
why  injection  of  these  lymphagogues  has  no  effect  after 
obstruction  of  the  aorta.  The  endothelium  of  the  vessels  is 
so  damaged  that  it  is  as  impossible  to  alter  its  permeability 
as  it  would  be  to  kill  a  dead  dog ;  though,  of  course,  by 
injection  of  sugar  or  any  other  lymphagogue  of  the  second 
class  the  osmotic  phenomena  still  occur,  which  lead  to  an 
increased  formation  of  lymph. 

These  are  the  main  points  in  connection  with  this 
subject.  I  have  endeavoured  to  present  both  sides  im¬ 
partially,  and  shall  not  attempt  to  pronounce  which  has,  in 
my  opinion,  the  best  of  the  argument.  It  would  indeed  be 
premature  to  pronounce  judgment  at  present.  Heidenhain 
has  not  replied  to  his  critics,  and  we  have  not,  I  imagine, 
heard  the  last  word  on  the  subject  by  a  long  way.  Indeed, 
Starling  confesses  that  on  one  point  his  position  is  in¬ 
complete,  and  this  is  the  very  point  which  to  me  has  always 
seemed  the  strongest  argument  in  favour  of  Heidenhain’s 
views.  That  is  that  after  injection  of  sugar,  etc.,  the 
percentage  amount  of  these  substances  in  the  lymph  from 
the  thoracic  duct  rises  higher  than  that  in  the  blood  plasma. 
But  as  another  paper  is  promised  on  this  subject  it  would 
be  better  to  leave  the  matter  as  it  stands  for  the  present. 

W.  D.  H  ALLIBURTON. 
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CHEMICAL  AFFINITY. 

IN  the  days  of  prescientific  chemistry  the  term  “chemical 
affinity  was  used  to  indicate  the  cause  of  chemical 
transformations.  It  was  self-explanatory.  Simples  united 
to  form  compounds  because  they  bore  a  certain  resemblance 
to  each  other;  and  it  was  known  that  “  like  draws  to  like,” 
so  that  Becker  explicitly  put  forward  the  proposition  that 
two  bodies  capable  of  combination  must  contain  a  common 
principle.  There  the  matter  ended. 

As  science  advanced  it  was  seen  that  the  primary 
meaning  of  chemical  affinity  had  to  be  given  up  as  an 
explanation,  but  the  term  itself  was  still  retained  to  denote 
the  cause  of  chemical  phenomena,  of  whatever  nature  it 
might  eventually  prove  to  be.  Attempts  were  made  to 
identify  this  cause  with  one  of  the  known  natural  forces. 
Newton  and  Berthollet,  for  example,  were  of  opinion  that 
chemical  force  was  a  manifestation  of  gravitational  attrac¬ 
tion.  That  it  was  a  form  of  electrical  attraction  found 
supporters  in  Berzelius,  Davy,  Grotthus  and  Gmelin. 
Williamson  attempted  to  reduce  chemical  action,  as  well  as 
the  phenomena  of  heat,  light  and  electricity,  to  the  per¬ 
petual  movements  of  the  ultimate  particles  of  matter. 

Finally,  many  chemists  were  content  to  describe  chemical 
affinity  as  a  “  special  force  ”  not  further  characterised. 
Although  this  position  amounts  to  giving  up  the  problem 
for  the  meantime,  it  is  that  which  so  far  corresponds  best 

with  our  knowledge,  or  want  of  knowledge.  At  present 
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we  are  wholly  ignorant  of  the  cause  of  chemical  change. 
All  we  can  say  is  that  it  obeys  the  fundamental  laws  of 
energetics,  and  we  know  that  as  our  knowledge  of  the 
special  characteristics  of  chemical  energy  increases  we  shall 
be  able  to  correlate  it  more  closely  with  the  other  forms  of 
energy,  and  thus  in  some  measure  arrive  at  an  explanation 
of  the  occurrence  of  chemical  phenomena. 

A  problem  much  better  adapted  to  the  state  of  science 
to-day  is  the  investigation,  not  of  the  ultimate  nature  of 
chemical  affinity,  but  of  its  magnitude.  This  problem  was 
clearly  before  many  chemists  at  the  beginning  of  this 
century,  and  they  arrived  at  ideas  on  the  subject  which  are 
not  yet  out  of  date,  and  can  bear  repetition.  Nicholson,  in 
his  Dictionary  of  Chemistry  (1808),  gives  the  following 
account  of  Berthollet’s  views  (article,  “Attraction  ”)  : — 

“  Mr.  Berthollet  has  lately  made  a  great  number  of 
experiments,  from  which  he  deduces  the  following  anomaly  : 
that  in  elective  attractions  the  power  exerted  is  not  in  the 
ratio  of  the  affinity  simply,  but  in  a  ratio  compounded  of 
the  force  of  the  affinity  and  the  quantity  of  the  agent ;  so 
that  quantity  may  compensate  for  weaker  affinity.  Thus 
an  acid  which  has  a  weaker  affinity  than  another  for  a 
given  base,  if  it  be  employed  in  a  certain  quantity,  is 
capable  of  taking  part  of  that  base  from  the  acid  that  has  a 
stronger  affinity  for  it  ;  so  that  the  base  will  be  divided 
between  them  in  the  compound  ratio  of  their  affinity  and 
their  quantity.  This  division  of  one  substance  between 
two  others,  for  which  it  has  different  affinities,  always  takes 
place,  according  to  him,  when  three  such  are  present  under 
circumstances  in  which  they  can  mutually  act  on  each  other. 
And  hence  it  is  that  the  force  of  affinity  acts  most  power¬ 
fully  when  two  substances  first  come  into  contact,  and 
continues  to  decrease  in  power  as  either  approaches  the 
point  of  saturation.  For  the  same  reason  it  is  so  difficult 
to  separate  the  last  portions  of  any  substance  adhering  to 
another.  Hence,  if  the  doctrine  laid  down  by  Mr.  Berthollet 
be  true  to  its  utmost  extent,  it  must  be  impossible  ever  to 
free  a  compound  completely  from  any  one  of  its  constituent 
parts  by  the  agency  of  elective  attraction. 
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The  solubility  or  insolubility  of  principles,  at  the  tem¬ 
perature  of  any  experiment,  has  likewise  tended  to  mislead 
chemists  of  inferior  accuracy,  who  have  deduced  conse¬ 
quences  from  the  first  effects  of  their  experiments.  It  is 
evident  that  many  separations  may  ensue  without  precipita¬ 
tion,  because  this  circumstance  does  not  take  place  unless 
the  separated  principle  be  insoluble  or  nearly  so.  The  soda 
cannot  be  precipitated  from  a  solution  of  sulphat  of  soda 
by  the  addition  of  potash,  because  of  its  great  solubility  ; 
but,  on  the  contrary,  the  new  compound  itself,  or  sulphat 
of  potash,  which  is  much  less  soluble,  may  fall  down,  if 
there  be  not  enough  water  present  to  suspend  it.  No 
certain  knowledge  can  therefore  be  derived  from  the  ap¬ 
pearance  or  the  want  of  precipitation,  unless  the  products 
be  carefully  examined.” 

The  preceding  paragraphs  might  almost  have  been 
copied  from  the  latest  modern  text-book,  and  the  errors 
against  which  the  author  warns  his  contemporaries  still 
continue  to  mislead  “  chemists  of  inferior  accuracy  ”.  The 
principle  involved  in  the  distribution  of  a  base  between  two 
acids,  i.e .,  the  general  principle  of  balanced  action,  affords, 
as  we  shall  see,  one  of  the  best  means  of  determining  the 
relative  affinity  of  the  competing  substances. 

Some  thirty  or  forty  years  ago  great  hopes  were  enter¬ 
tained  that  thermochemistry,  as  then  understood,  would 
furnish  us  with  a  true  measure  of  chemical  affinity.  The 
energy  lost  or  gained  in  a  chemical  reaction  can  easily  be 
measured  in  terms  of  heat,  and  the  determination  of  these 
heats  of  reaction  formed  almost  the  sole  problem  of  thermo¬ 
chemistry  until  within  quite  recent  years.  It  was  thought  that 
the  chemical  force  or  affinity  causing  the  action  must  in 
some  way  be  proportional  to  the  thermal  effect  of  the  action. 
But  this  is  merely  a  recrudescence  of  the  old  dog-Latin 
fallacy  causa  czquat  effectum ,  and  has  no  theoretical  founda¬ 
tion.  Berthelot  gave  expression  to  this  idea  in  his  principle 
of  maximum  work,  which  states  that  in  a  chemical  change 
those  substances  are  produced  whose  formation  occasions 
the  greatest  development  of  heat.  Although  there  is  no 
doubt  that  this  principle  roughly  represents  the  facts  when 
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actions  taking  place  at  low  temperatures  are  alone  con¬ 
sidered,  there  are  so  many  exceptions  to  the  rule  that  no 
general  validity  can  be  claimed  for  it.  The  chief  reason 
for  the  comparative  want  of  success  of  thermochemistry  in 
the  development  of  chemical  theory  is  to  be  found  in  its 
exclusive  adherence  to  the  first  law  of  thermodynamics,  the 
second  being  altogether  neglected.  Of  late  years,  however, 
this  has  been  largely  remedied,  so  that  we  are  now  in  a 
better  position  to  judge  of  the  relation  of  heat  to  chemical 
energy. 

The  rate  at  which  a  chemical  reaction  takes  place  has 
also  been  proposed  as  a  measure  of  the  forces  at  work  in 
producing  the  action,  but  this  also  is  unsatisfactory.  Sodium 
and  chlorine  are  generally  supposed  to  have  a  powerful 
affinity  for  each  other,  but  if  both  are  dry  they  will  not 
unite  at  the  ordinary  temperature.  Sodium  when  added  to 
alcohol  under  ordinary  conditions  acts  on  it  most  vigorously, 
especially  if  the  alcohol  contain  water.  Pictet,  however, 
has  shown  that  at  —  8o°  sodium  is  without  action  on 
aqueous  alcohol.  The  actions  then  in  these  cases  must  go 
on  with  such  extreme  slowness  as  to  be  imperceptible,  yet 
we  attribute  to  the  reacting  substances  considerable  chemical 
attraction  for  each  other. 

There  is,  as  has  been  said  above,  one  class  of  chemical 
reactions  which  is  of  great  service  in  indicating  the  direction 
in  which  we  are  to  seek  for  an  explanation  of  chemical 
affinity,  which  affords  us  a  practical  measure  of  relative 
affinities,  and  which  indicates  the  relation  of  these  both 
to  velocities  of  reaction  and  to  energy  in  general ;  the 
class,  namely,  of  balanced  actions,  and  it  is  such  an  action 
that  Berthollet  has  under  consideration  when  he  speaks  of 
a  base  being  divided  between  two  acids  possessing  different 
affinities  for  it.  We  have  each  of  the  acids  acting  on  the 
salt  of  the  other  acid  at  a  certain  rate,  and  the  point  where 
the  one  action  balances  the  other  is  determined  by  the 
velocities  of  the  opposed  reactions,  and  by  the  quantities  of 
the  reacting  substances.  Guldberg  and  Waage  showed 
experimentally  that  the  action  of  each  substance  is  pro¬ 
portional  to  its  active  mass,  i.e.,  to  its  amount  divided  by 
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the  volume  in  which  it  is  contained,  and  this  enables  us  to 
give  an  exact  expression  for  a  balanced  action  of  any  type. 

Suppose  that  we  have  two  acids  A  and  A1,  with  their 
salts  S  and  S1,  and  that  A  and  S1  are  dissolved  in  such  a 
quantity  of  water  that  their  active  masses  are  each  re¬ 
presented  by  1.  Then,  at  the  beginning-  of  the  action, 
we  have  the  two  interacting  to  form  the  other  pair  A1  and 
S,  the  chemical  equation  being  A  +  S1  =  A1  +  S. 

After  equilibrium  has  been  reached,  i.e.,  when  the  two 
opposed  reactions  are  balanced  so  that  in  a  given  time  just 
as  much  of  the  pair  A,  S1  disappears  as  is  produced  in  the 
same  time  by  the  interaction  of  the  pair  A1,  S,  a  certain 
amount  y  of  the  original  salt  and  acid  will  have  been  trans¬ 
formed,  so  that  their  active  masses  are  now  no  longer  1, 
but  1  —  y.  The  rate  at  which  these  pass  into  the  other 
acid  and  base  is  proportional  to  the  active  mass  of  each,  so 
that  we  have — - 


rate  A,  S1  A1,  S  =  k  ( 1  -  x)  ( 1  ~  x)> 


where  k  is  a  constant,  expressing  the  amount  of  the  re¬ 
action  in  unit  time  when  the  concentration  of  each  of  the 
reacting  substances  is  unity.  Now  the  active  masses  of 
the  second  acid  and  base  are  y  and  y  respectively,  for  just 
as  much  of  each  of  them  has  been  formed  as  there  has 
disappeared  of  the  others.  We  have  therefore — 

rate  A1,  S  ->  A,  S1  =  k1  y.y, 

where  k1  is  the  velocity  constant  of  the  second  reaction. 
But  the  amounts  transformed  in  unit  time  are  equal  at  the 
point  of  equilibrium,  so  that  we  have — 


H'  -x)2  =  ^x2. 


or  K 


k 

I1 


X 


( I  -  x)2' 


It  is  therefore  easy  from  a  determination  of  the  amounts 
of  the  various  substances  present  at  the  point  of  equilibrium 
to  ascertain  K  the  ratio  of  the  velocity  constants  of  the 
opposed  reactions.  Julius  Thomsen  employed  a  thermo¬ 
chemical  method  for  determining  the  extent  to  which  the 
action  of  one  acid  on  the  salt  of  another  had  taken  place. 
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It  could  be  calculated  from  known  data  how  much  heat 
would  be  given  out  or  absorbed  when  the  equivalent  of 
the  first  acid  replaced  the  equivalent  of  the  second  from  its 
salt.  On  actually  performing  the  experiment  the  thermal 
effect  was  always  found  to  be  less  than  that  calculated  for 
total  replacement.  The  ratio  then  of  the  observed  to  the 
calculated  heat  gave  the  extent  to  which  the  action  had 
progressed.  Methods  similar  in  principle  were  afterwards 
employed  for  ascertaining  such  ratios  of  distribution,  e.g., 
the  change  of  volume,  and  the  change  of  the  refractive 
index  on  reaction,  were  measured  by  Ostwald  instead  of 
the  heat-change.  When  the  ratios  obtained  by  balancing 
a  series  of  acids  against  the  salt  of  one  other  acid  were 
tabulated,  a  set  of  numbers  resulted  which  were  called  by 
Thomsen  the  “avidities"  of  the  acids.  These  avidities 
were  proportional  to  the  square  root  of  the  velocity  constant 
K.  Now  the  constant  K  has  an  important  theoretical 
significance,  inasmuch  as  the  maximum  work  to  be  obtained 
from  a  reversible  chemical  change  isothermally  conducted 
is  equal  to  RT  loge  Iv,  where  R  is  a  numerical  constant, 
and  T  the  temperature  on  the  absolute  scale  at  which  the 
equilibrium  occurs.  This  maximum  external  work  is  the 
difference  of  the  “free  energy"  of  the  two  systems,  if  we 
employ  the  term  in  the  sense  proposed  by  Helmholtz,  and 
is  not  proportional  to  the  change  of  total  energy  of  the  two 
systems,  i.e.,  to  the  thermal  effect  of  the  reaction.  As 
every  spontaneous  natural  process  takes  place  in  the  direc¬ 
tion  in  which  external  work  is  performed,  the  total  amount 
of  external  work  which  a  system  can  perform  must  have 
a  close  connection  with  the  internal  forces  (in  our  case 
“chemical  affinities")  causing  the  change.  Thus  it  has 
been  proposed  to  take  the  change  of  “  free  energy  "  as  a 
measure  of  the  affinity  instead  of  the  change  of  total  energy 
adopted  by  the  earlier  thermochemists. 

Little  has  been  done  as  yet  towards  calculating  affinity 
constants  on  this  basis,  and  chemists  are  at  present  content 
with  more  empirical  magnitudes.  The  relative  affinities  of 
the  acids  in  particular  have  been  well  investigated  from 
very  many  different  points  of  view,  and  the  results  obtained 
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by  the  various  methods  show  excellent  agreement  with 
each  other. 

A  method  which  has  been  found  well  suited  for  the 

comparison  of  the  stronger  acids  with  one  another  is  found 

in  estimating  the  rate  at.  which  they  accelerate  chemical 

processes.  For  example,  cane-sugar  solution  will  remain  at 

the  ordinary  temperature  for  an  indefinite  period  without 

showing  any  tendency  to  pass  into  a  mixture  of  dextrose 

and  laevulose,  but  if  an  acid  be  present  the  inversion  of  the 

sugar  begins  immediately,  and  goes  on  until  the  cane  sugar 

is  completely  transformed.  It  was  found  that  the  rate  of 

inversion  with  a  given  acid  is  very  nearly  proportional  to 

the  concentration  of  the  acid  used  ;  but  that  for  equivalent 

quantities  of  different  acids,  the  rate  varies  greatly.  If  the 

acids  are  arranged  in  the  order  in  which  they  accelerate  the 

inversion  of  cane  sugar,  it  is  found  that  this  order  is 

identical  with  that  obtained  when  the  acids  are  arranged 

according  to  their  ‘‘avidities”  as  determined  by  an 

equilibrium  method.  Other  acceleration  processes  have 

now  been  studied,  and  all  agree  in  giving  the  acids  in  the 

same  order  as  they  appear  in  the  inversion  of  cane  sugar, 

which  order  is  identical  with  that  obtained  when  the  acids 

are  arranged  according  to  the  electrical  conductivity  of 

their  equivalent  aqueous  solutions.  There  is  no  obvious 

connection  between  these  two  properties  of  acids,  viz. ,  their 

chemical  reactivity,  and  their  power  to  conduct  electricity, 

but  an  explanation  is  found  in  the  electrolytic  dissociation 

« 

theory  of  Arrhenius.  His  theory  refers  both  properties  to 
the  same  cause — to  the  amount  of  dissociation  of  the  acids 
into  the  positive  ion  hydrogen,  and  the  negative  ion  of  the 
acid.  Acids  are  chemically  active  in  the  measure  that  they 
produce  hydrogen  ions,  which  alone  determine  the  specific 
acid  character.  These  hydrogen  ions  are  also  the  chief 
carriers  of  electricity  in  an  acid  solution,  so  that  the  more  of 
them  an  acid  can  produce  when  dissolved  in  a  certain 
quantity  of  water,  the  more  active  will  it  be  chemically  and 
the  better  will  it  conduct  electricity.  The  degree  of 
dissociation  then  of  an  acid  is  an  excellent  measure  of  its 
strength.  By  applying  the  law  of  gaseous  dissociation  to 
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this  case  of  dissociation  in  solution,  Ostwald  has  been  able 
to  calculate  a  constant  from  the  conductivities  of  the 
weaker  acids  at  different  dilutions,  which  he  regards  as  a 
good  expression  of  the  affinity  of  the  acid.  The  dissocia¬ 
tion  constant,  or  affinity  constant,  determined  in  this  way 
is  independent  of  the  amount  of  water  in  which  the  acid  is 
dissolved. 

For  bases  we  have  methods  corresponding  to  those 
employed  for  acids.  First  of  all  we  have  one  acceleration 
process — the  conversion  of  hyoscyamine  into  the  isomeric 
alkaloid  atropine.  Under  the  influence  of  strong  bases  this 
transformation  occurs  at  a  rate  depending  on  the  strength 
ol  the  base,  other  things  being  equal.  Then  we  have  a 
class  of  reactions  in  which  the  base  participates  directly, 
namely  the  saponification  of  ethereal  salts.  The  rate  at 
which  ethyl  acetate,  for  example,  is  converted  by  a  base 
into  the  acetate  of  that  base  and  ethyl  alcohol  is  a  measure 
of  the  strength  of  the  base.  Again,  it  is  found  that  the 
electrical  conductivity  of  aqueous  solutions  of  the  various 
bases  is  proportioned  to  their  strength  as  determined  by 
any  of  the  above  methods.  The  explanation  given  by  the 
theory  of  electrolytic  dissociation  is  that  the  specific  activity 
of  bases  is  due  to  the  hydroxyl  ions  which  they  produce 
when  dissolved  in  water,  and  that  the  strengths  of  the  bases, 
together  with  their  electric  conductivities,  are  closely  pro¬ 
portional  to  the  number  of  these  ions  produced  when  the 
bases  are  in  equivalent  solution.  A  dissociation  or  affinity 
constant  for  bases  can  also  be  calculated  in  a  manner 
precisely  similar  to  that  adopted  for  the  dissociation  con¬ 
stants  of  acids. 

The  proximate  problem  of  chemical  affinity  then  is  to 
determine  as  many  of  these  characteristic  dissociation 
constants  for  acids  and  bases  as  possible,  for  they  can  be 
used  in  solving  very  many  problems  of  the  speed  of 
reactions  and  the  equilibrium  of  opposed  reactions  in 
aqueous  solutions,  with  which  the  chemist  is  mostly  con¬ 
cerned. 

The  methods  detailed  above  are  well  suited  for  the 
investigation  of  all  but  the  weakest  acids  and  bases,  but 
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there  they  fail  entirely,  and  we  have  to  resort  to 
equilibrium  methods  for  ascertaining  the  affinities  of  those 
substances.  There  is  one  substance  which  is  very  con¬ 
venient  as  a  standard  of  comparison  against  which  to 
compare  the  strengths  of  both  weak  acids  and  weak  bases, 
namely,  water.  Weak  bases  give  off  comparatively  few 
hydroxyl  ions  OH,  and  weak  acids  few  hydrogen  ions  H. 
Now  water  in  the  pure  state  dissociates  electrolytically  to  a 
minute  extent  into  these  ions,  H20  =  H  +  OH,  so  that  it 
can  act  both  as  a  very  weak  acid  and  a  very  weak  base, 
according  as  it  competes  against  another  acid  or  another 
base.  The  amount  of  the  dissociation  of  water  is  extremely 
slight,  a  calculation  by  Kohlrausch  showing  that  a  cubic 
meter,  i.e.,  about  a  ton,  of  water  at  18°  C.  contains  only  1  ‘64 
milligrams  dissociated  into  hydrogen  and  hydroxyl  ions. 

A  base  like  diphenylamine  is  so  weak  that,  although  it 
can  form  a  hydrochloride,  the  salt,  when  treated  with  water, 
has  the  hydrochloric  acid  washed  entirely  away,  leaving  the 
free  base  behind.  Here  the  water  plays  the  part  of  a  base 
against  the  diphenylamine,  and  competes  with  it  for  the 
hydrochloric  acid.  Aniline  is  a  much  stronger  base  than 
diphenylamine,  but  still  its  hydrochloride,  when  dissolved 
in  water,  is  split  up  partially  into  aniline  and  hydrochloric 
acid.  By  comparing  the  amounts  of  free  hydrochloric  acid 
obtained  from  equivalent  solutions  of  the  hydrochlorides, 
we  can  ascertain  the  relative  strengths  of  the  bases,  for  the 
stronger  the  base  is  the  less  will  its  salt  be  decomposed  by 
a  given  quantity  of  water.  The  amount  of  free  hydro¬ 
chloric  acid  in  the  solutions  cannot  be  estimated  by  any 
ordinary  analytical  process,  but  can  be  determined  indirectly 
by  ascertaining,  for  example,  how  rapidly  the  solution 
inverts  cane  sugar,  the  rate  depending  on  the  amount  of 
free  acid  present. 

Similarly  salts  of  weak  acids  may  be  decomposed  by 
water.  The  cleansing  properties  of  washing  soda  and  ot 
soap  depend  on  the  fact  that  these  are  sodium  salts,  whose 
acids  are  so  weak  that  there  is  partial,  though  slight, 
decomposition  into  the  acid  and  free  caustic  soda  when  the 
salts  are  dissolved  in  water.  The  amount  of  soda  present 
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may  be  calculated  from  the  rate  at  which  the  solution 
saponifies  ethyl  acetate. 

These  equilibrium  methods  have  now  put  us  in  a 
position  to  give  the  order  of  affinity  of  both  acids  and  bases 
from  the  strongest  to  the  weakest,  and  even  for  the  weak¬ 
est  an  approximation  to  the  dissociation  constant  can  be 
calculated. 

With  regard  to  other  affinities,  the  study  of  electro¬ 
motive  force  seems  to  promise  excellent  results  in  certain 
directions,  but  the  solution  of  the  general  problem  is  still 
the  task  of  the  future. 


James  Walker. 


VIEWS  ON  MINERAL  SPECIES. 


THE  death  of  James  Dwight  Dana,  following  only 
three  years  after  the  publication  of  the  sixth  edition 
of  his  great  “ System  of  Mineralogy”  calls  to  mind  the 
remarkable  changes  which  have  transformed  mineralogical 
science  since  the  appearance  of  the  first  edition  of  that 
work  in  1837. 

It  is  my  purpose  in  the  present  article  to  call  attention 
only  to  the  change  of  views  regarding  classification  and 
nomenclature  which  has  occurred  during  the  intervening 
period,  and  to  criticise  the  position  in  which  mineralogists 
now  stand  in  the  matter  of  mineral  species,  their  definition, 
and  their  relationships. 

Professor  J.  D.  Dana  was  attracted  to  the  study  of 
mineralogy  early  in  life,  and  died  at  the  age  of  eighty-two  ; 
he  was  always  the  most  prominent  systematist  in  this  science, 
and  from  his  intimate  acquaintance  with  geology  and  zoology 
was  singularly  fitted  to  hold  wide. and  comprehensive  views 
upon  such  subjects  as  the  definition  and  systematic  arrange¬ 
ment  of  species  ;  he  reformed  the  nomenclature  of 
mineralogy,  and  constructed  a  system  from  the  ruins  of  its 
unsuccessful  predecessors  which  had  prevailed  in  the  early 
part  of  the  century  ;  consequently  his  book  in  its  various 
editions  may  almost .  be  regarded  as  an  authoritative  record 
of  the  successive  steps  taken  by  Systematic  Mineralogy 
during  more  than  half  a  century,  and  reflects  the  varying 
aspects  which  that  ever-shifting  subject  has  presented  at 
different  times.  The  sixth  edition,  though  largely  re¬ 
written  by  his  distinguished  son,  is  carried  out  strictly  on 
the  lines  laid  down  in  the  preceding  editions. 

THE  NATURAL  HISTORICAL  SYSTEM  OF  CLASSIFICATION. 

It  is  difficult  now  to  believe  that  in  the  first  and  second 
editions  the  author  warmly  espoused  the  so-called  Natural 
System  of  Werner  and  Mohs.  According  to  that  system, 
the  only  characters  of  minerals  which  possess  any  import¬ 
ance  for  purposes  of  classification  are  the  external 
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characters  :  the  specific  gravity,  crystalline  form,  hardness, 
lustre,  colour,  and  frangibility.  The  chemical  composition 
was  regarded  as  of  absolutely  no  account,  although 
Berzelius  had  -as  far  back  as  1815  proposed  a  purely 
chemical  classification  of  minerals.  Jameson  indeed 
claimed  for  the  Wernerian  system  that  it  was  totally 
independent  of  any  aid  from  chemistry. 

One  great  inconvenience  which  resulted  from  the 
adoption  of  these  principles  at  so  early  a  date  was  the 
enormous  complication  in  nomenclature.  Mineralogy  has 
suffered  in  this  respect  in  two  ways.  Until  a  recent  date  the 
want  of  a  satisfactory  system  has  often  rendered  it  difficult  to 
refer  a  new  specimen  to  a  known  species,  and  has  enabled 
mineralogists  to  gratify  their  vanity  as  discoverers  by  giving 
a  new  name.  The  result  is  that  at  the  present  time  there 
must  be  at  least  8000  mineral  names,  including  synonyms, 
although  not  more  than  800  mineral  species  are  recognised 
as  well  established.  In  the  second  place,  while  the 
Natural  System  was  predominant,  many  authors  introduced 
a  new  nomenclature  of  genera,  species  and  sub-species  to 
indicate  the  natural  relationships  between  the  various 
minerals. 

Thus  Dana  himself,  in  his  first  edition,  invented  a  Latin 
nomenclature  for  the  system  of  Mohs  with  this  object, 
'‘constructed  on  the  plan  so  advantageously  pursued  in 
botany  and  zoology  ”. 

1  ake,  for  example,  the  three  well-established  groups  of 
minerals  known  as  Garnet,  Felspar,  and  Scapolite.  The 
minerals  now  included  under  those  three  names  respectively 
are  so  closely  allied  in  all  their  characters,  external  as  well 
as  chemical,  that  they  form  three  natural  groups  which  it 
would  be  difficult  to  sub-divide  in  any  mineralogical 
classification. 


In  the  system 
arranged  : — 

of  Mohs  (1825) 

thev  were 

Species. 

Genus. 

Order. 

Garnet 

Garnet 

Gem 

Feldspar 

Feldspar 

Spar 

Scapolite 

F’eldspar 

Spar 
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In  the  system  of  Dana  (1844) : 


Species. 

Garnet 

Felspar 

Scapolite 


Carbunculus 

Spatum 

Scapolus 


Genus. 


Hyalinea 

Chalicinea 

Chalicinea 


Order. 


The  order  Gem  of  Mohs,  with  which  the  order 
Chalicinea  of  Dana  is  almost  identical,  is  defined  as 
comprising  non-metallic  minerals  having  a  non-adamantine 
lustre,  and  an  uncoloured  powder  (streak),  with  a  hardness 
between  5^  and  10,  and  specific  gravity  between  1  -9  and  47. 

The  genus  Garnet  of  Mohs  is  defined  as  comprising 
minerals  with  a  lustre  which  is  not  purely  vitreous,  having 
a  hardness  between  6  and  7,  and  a  specific  gravity  between 
3*i  and  4*3-  It  includes,  in  addition  to  Garnet,  the  minerals 
Idocrase,  Helvine,  and  Staurolite. 

The  genus  Spatum  of  Dana  comprises  minerals  having 
a  hardness  between  4  and  6j,  and  a  specific  gravity 
between  2*1  and  2*8.  It  includes,  in  addition  to  Garnet, 
the  minerals  Idocrase,  Helvine,  Staurolite,  and  Epidote. 

Epidote  in  the  system  of  Mohs  was  a  species  referred, 
together  with  Pyroxene  and  Amphibole,  to  the  genus 
Augite-spar,  defined  as  possessing  a  non-metallic  pearly 
lustre,  with  hardness  \\  to  7,  and  specific  gravity  27  to  3*5. 

When  we  remember  that  a  hardness  \V  merely  signifies 
that  the  mineral  will  scratch  Fluor  and  is  itself  scratched 
by  Apatite,  and  that  the  specific  gravity  of  garnet  may  vary 
from  3  to  4,  it  is  evident  that  these  characters  are  ill  suited 
to  define  a  species  even  for  purposes  of  practical  deter¬ 
mination. 


THE  CHEMICAL  SYSTEM. 


At  this  period  the  battle  was  raging  furiously  between 
those  who  supported  the  Natural,  or  as  Mohs  called  it,  the 
Natural-historical  System,  and  the  adherents  of  the 
chemical  system  of  Berzelius.  A  compromise  was 
ultimately  effected  by  the  system,  due  largely  to  the  in¬ 
dependent  labours  of  Rose  and  Rammelsberg,  which 
considers  the  crystalline  form  and  the  chemical  composition 
as  conjointly  necessary  and  sufficient  to  define  a  species. 
This  mode  of  regarding  minerals  is  almost  universally 
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accepted  at  the  present  day  as  the  basis  of  any  scientific 
scheme  of  classification,  and  with  its  introduction  the 
older  views  have  almost  entirely  passed  into  oblivion. 

Here  again  Dana’s  mineralogy  accurately  represents 
the  progress  of  events.  Rose’s  Krystallo-chemisches 
System,  which  is  generally  taken  as  the  starting  point  of 
the  newer  methods,  was  published  in  1852  ;  but  already  in 
his  third  edition  (1850)  Dana,  who  was  always  ready  to 
grasp  after  right  methods  and  to  sacrifice  personal  predilec¬ 
tion,  had  dropped  the  old  system  entirely.  In  the  preface 
to  that  edition  the  following  remarkable  words  occur : 
“To  change  is  always  seeming  fickleness.  But  not  to 
change  with  the  advance  of  science  is  worse  ;  it  is  per¬ 
sistence  in  error;  and,  therefore,  notwithstanding  the  former 
adoption  of  what  has  been  called  the  Natural  History 
System  and  the  pledge  to  its  support  given  by  the  author 
in  supplying  it  with  a  Latin  nomenclature,  the  whole 
system,  its  classes,  orders,  genera,  and  Latin  names  have 
been  rejected,  and  even  the  trace  of  it  which  the 
synonymy  might  perhaps  rightly  bear  has  been  discarded.” 

Principles  similar  to  those  which  guided  Rose  had  been 
previously  laid  down  by  Hausmann  and  Fuchs,  but  were 
less  completely  elaborated.  Rose  himself  had  been  clear¬ 
ing  the  way  towards  this  end  for'twenty  years  ;  but  the  third 
edition  of  Danas  System  set  the  seal  upon  the  new 
departure,  and  from  that  date  modern  views  upon  mineral 
species  may  be  regarded  as  firmly  established.  We  hear 
little  more  of  orders  and  genera;  minerals  which  are 
closely  allied  are  brought  together  into  groups ;  those 
which  deviate  only  slightly  and  in  unimportant  respects 
from  a  normal  type  retain  their  trivial  names,  but  are  only 
regarded  as  “varieties”;  and,  finally,  all  the  different 
minerals  and  mineral  groups,  which  for  the  most  part  show 
very  slight  resemblances  one  to  another,  are  classified  in  a 
somewhat  disjointed  manner  by  their  chemical  composition, 
the  purely  chemical  arrangement  being  only  so  far  modified 
as  to  bring  together  those  which  are  “  isomorphous,”  i.e.} 
which  with  analogous  composition  exhibit  also  a  close 
similarity  of  form. 
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MODERN  NATURAL  HISTORICAL  SYSTEMS. 

To  revive  recollections  of  the  old  Natural  History 
System  at  the  close  of  the  century  may  seem  to  be  an 
unprofitable  exhumation  of  buried  feuds,  but  there  are  two 
reasons  why  it  should  be  far  from  superfluous.  In  the  first 
place  the  system  is  not  really  dead,  and  it  expresses  certain 
truths  and  relations  which  are  in  themselves  permanent ;  in 
the  second  place  a  reaction  against  the  classification  of  Rose, 
that  is  to  say,  against  a  chemical  classification  as  commonly 
understood,  has  been  in  progress  for  some  years,  and  the 
tendency  of  the  present  changes  and  of  the  future  develop¬ 
ments,  of  which  they  are  the  precursors,  can  best  be  read 
in  the  light  of  this  past  history. 

Mohs,  who  succeeded  Werner  at  Freiberg,  was  him¬ 
self  succeeded  by  Breithaupt,  who  retained  all  the  traditions 
of  the  Natural  History  School  of  Mineralogy  in  this  great 
centre  of  mining  industry  and  education  ;  and  his  successor, 
the  present  occupant  of  the  chair,  Dr.  Albin  Weisbach,  has 
never  forsaken  the  system. 

The  Synopsis  Miner alogica  of  Weisbach  (1884)  divides 
minerals  into  four  classes  :  hydrolyte  or  soluble  compounds, 
lithe  or  stones,  metallolithe,  metalhte  or  ores,  and  causte  or 
inflammable  compounds.  The  three  minerals  chosen  above 
for  examples  belong  to  the  second  of  these  classes  which  is 
divided  into  three  orders  :  Kuphoxyde  or  oxides,  Pyritite  or 
silicates,  and  Apyritite  or  non-silicates. 

The  order  Pyritite  is  subdivided  into  four  families  : 
Sklerite,  Zeolite,  Phyllite  and  Amorphite  ;  Garnet,  Felspar 
and  Scapolite  belong  to  the  first  of  these  families,  in  which 
the  various  mineral  species  are  arranged  according  to  their 
crystallographic  systems. 

Possibly  few  English  mineralogists  are  aware  that  this 
antiquated  type  of  classification  is  still  in  vogue  ;  its  adop¬ 
tion  at  the  great  mining  centre  invests  this  system  with  a 
stamp  of  authority  in  spite  of  any  objections  which  may  be 
urged  against  it  from  a  purely  scientific  point  of  view.  A 
classification  which,  for  example,  not  only  separates  Apatite 
from  Pyromorphite,  and  Chalybite  from  Calcite,  but  even 
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places  these  minerals  in  different  classes ,  is  certainly  not  in 
harmony  with  modern  ideas. 

At  Freiberg  no  doubt  the  characters  of  minerals  are 
studied  almost  entirely  with  a  view  to  their  practical  deter¬ 
mination  ;  this  was  certainly  to  a  large  extent  also  the 
consideration  which  influenced  the  School  of  Mohs  in 
relegating  the  chemical  characters  to  a  secondary  place  ; 
for  a  chemical  analysis  is  rarely  either  possible  or  con¬ 
venient  if  a  mineral  may  be  recognised  by  other  means, 
while  the  external  characters  are  mostly  a  matter  of  easy 
observation.  Hence  it  is  natural  that  among  practical 
mining  students  and  those  to  whom  the  determination  of 
minerals  is  the  end  and  object  of  Mineralogy,  the  methods, 
and  therefore  also  the  classifications  of  the  Wernerian 
School,  have  continued  to  find  favour. 

But  an  even  more  serious  attempt  to  raise  the  Natural 
System  to  the  rank  of  a  scientific  principle  has  recently 
been  made. 

Thomas  Sterry  JHunt  was  always  an  original  and 
suggestive  writer  on  mineralogical  and  geological  subjects 
on  their  more  philosophical  side,  and  shortly  before  his  death 
he  published  a  book  entitled  Systematic  Mineralogy  based 
upon  a  Natural  Classification  (1891).  Brought  up  in  the  tra¬ 
ditions  of  the  Natural  History  System  under  C.  v.  Shepard, 
who  was  its  exponent  in  America,  Sterry  Hunt  endeavoured 
to  effect  a  reconciliation  between  the  Natural  and  the 
Chemical  Systems  by  developing  the  former  so  as  to  in¬ 
clude  by  implication  the  latter,  and  thus  to  “  form  a  new 
system  of  classification  which  will  be  at  the  same  time 
chemical  and  natural-historical 

This  extremely  curious,  and  in  part  fantastic,  volume 
merits  somewhat  closer  attention.  The  author  starts  with 
the  conviction,  shared  probably  by  most  of  his  readers,  that 
the  physical  characters  of  any  chemical  compound  and  its 
composition  are  dependent  each  on  the  other,  “  and  present 
two  aspects  of  the  same  problem  which  can  never  be  solved 
but  by  the  consideration  of  both  ”.  Hence  the  specific 
gravity  and  the  hardness,  so  prominently  used  in  the  old 
systems,  must  give  a  clue  to  the  chemical  composition,  and 
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if  correctly  interpreted  should  lead  to  the  same  classification 
as  the  latter. 

Dr.  Sterry  Hunt  next  supposed  that  the  specific  gravity 
of  any  substance,  whether  gaseous,  liquid,  or  solid,  is  its 
molecular  weight,  and  hence  that  the  degree  of  condensa¬ 
tion  of  any  species  can  be  determined  from  its  specific 
gravity  referred  to  hydrogen  gas  as  unity ;  on  this 
hypothesis  the  degree  of  condensation  is  the  reciprocal  of 

the  atomic  volume  v,  and  v  =  ^  where  p  is  the  equivalent 

weight  and  d  the  specific  gravity. 

With  these  assumptions  water  is  about  1192  H20, 
and  the  co-efficient  of  condensation  is  21400;  calcite  is 
584  Ca  C03,  quartz  is  950  Si  02. 

It  is  next  asserted  that  the  hardness  of  a  species  varies 
inversely  as  the  atomic  volume,  and  that  the  solubility 
increases  with  the  atomic  volume. 

According  to  this  view  minerals  and  the  other  solid 
chemical  compounds  are  highly  polymerised  substances,  of 
which  the  degree  of  polymerisation  can  be  determined  from 
the  specific  gravity  and  is  also  indicated  by  the  hardness 
and  solubility.  The  Mineral  Kingdom  is  thus  divided 
into  four  classes,  Metallaceae,  Halidaceae,  Oxydaceae, 
Pyricaustacese,  which  are  again  sub-divided  into  orders, 
genera,  and  species.  The  orders  are  based  upon  chemical 
composition  alone  ;  thus  the  Oxydaceae,  or  oxygen  com¬ 
pounds,  are  divided  into  twenty-two  orders,  of  which 
Oxidinea,  Boratinea,  Spinellinea,  Carboninea,  Silicinea,  and 
Argillinea.  (more  commonly  known  as  Oxides,  Borates, 
Aluminates,  Carbonates,  Silicates,  and  Alumo-silicates)  are 
the  first  six. 

The  genera  are  based  upon  “  natural-historical  charac¬ 
ters,”  i.e.y  lustre,  hardness,  and  atomic  volume  ;  thus  in 
the  order  Argillinea,  Felspar  (together  with  Petalite  and 
Cordierite)  constitutes  the  genus  Agrolithus,  which  is 
spathoid  (i.e.,  sparry)  in  appearance,  with  hardness  less  than 
7,  and  atomic  volume  greater  than  6;  Garnet  constitutes 
the  genus  Granatus,  which  is  adamantoid  (i.e.,  gemmy  in 
appearance  and  not  easily  soluble),  with  hardness  greater 
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than  6  and  atomic  volume  less  than  6.  Each  species 
receives  a  Latin  name  ;  eg.,  among  the  Garnets  are 
Granatus  Almandicus,  Granatus  Manganosus,  etc. 

The  chemical  relations  of  the  various  species  are  further 
supposed  to  be  similar  to  those  of  the  carbon  compounds  ; 
what  is  commonly  known  as  an  isomorphous  group  of 
minerals  is  therefore  to  be  regarded  as  a  homologous  series 
differing  by  multiples  of  a  certain  radicle ;  if  in  two  or  more 
minerals  having  a  similar  empirical  composition  the  value 
of  v  is  the  same  they  may  be  regarded  as  having  a 
metameric  relationship ;  if  the  value  of  v  differs  they  are 
isomeric  homologues  which  are  differently  polymerised. 
In  a  previous  essay  it  had,  for  example,  been  suggested 
that  Calcite  has  the  formula  C30  Ca30  Ogo  and  Calamine 
C40  Zn40  040. 

This  is  not  the  place  to  enter  further  into  these 
questions  or  to  discuss  the  new  mode  of  chemical  notation 
introduced  by  Sterry  Hunt  in  conformity  with  his  views  ; 
our  present  purpose  is  to  compare  this  and  the  other 
natural  systems  with  the  orthodox  classification  of  the 
present  day. 

It  may  be  noted,  however,  in  passing  that  the  principle 
of  polymerisation  is  introduced  in  a  still  more  comprehen¬ 
sive  manner  by  Goldschmidt,  who,  in  1890,  proposed  to 
consider  all  silicates  as  polymers  of  Si  02  in  which  a  portion 
of  the  silicon  is  replaced  by  other  elements  whose  com¬ 
bined  valency  is  the  same.  In  this  scheme  all  silicates 
belong  to  the  type  n  Si  02  +  p  H  where  H  is  water  or 
such  a  radicle  as  KF  ;  thus  Orthoclase  is  (Si  02)4  in  which 
one  atom  of  Si  is  replaced  by  the  radicle  K2  A1 ;  the 
Garnet  Ca3  Al2  Si3  0I2  is  2  (Si  02)3  in  which  one  atom  of 
Si  is  replaced  by  Ca2  and  two  atoms  of  Si  by  Ca  Al. 

Other  systems  of  mineral  classification,  such  as  that 
adopted  by  De  Lapparent  in  his  admirable  Cours  de 
Mindralogie ,  which  arrange  the  species  not  by  their 
characters  but  by  their  origin  and  mode  of  occurrence  in 
nature,  we  may  pass  by  as  not  scientific  systems,  whatever 
may  be  their  educational  value  or  convenience  ;  since,  if 
anything  is  certain,  it  is  that  the  essential  characters  and 
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the  composition  of  a  mineral,  and  their  mutual  relations,  are 
constant,  though  the  mineral  may  be  produced  in  nature  or 
artificially  in  a  thousand  different  ways. 

DANA’S  SYSTEM. 

The  very  existence,  however,  of  the  systems  discussed 
above,  and  they  are  only  a  few  out  of  many,  if  it  signifies 
anything,  surely  indicates  a  state  of  unrest,  a  feeling  of 
dissatisfaction  with  the  orthodox  views,  if  there  be  such. 
We  must  then  proceed  to  consider  the  general  principle  at 
present  current  among  mineralogists  as  embodied  in  the  last 
edition  of  Dana’s  Mineralogy ,  and  the  manner  in  which  it 
has  won  acceptance  since  the  date  of  the  third  edition 
(1850),  when  the  Natural  System  was  abandoned. 

In  that  volume  minerals  were  grouped  together  as 
(1)  Elements,  (2)  Haloids,  (3)  Silicates,  Aluminates,  etc., 
(4)  Metals  and  metallic  ores  ;  the  minerals  in  each  group 
being  arranged  according  to  their  metal.  This  plan,  of 
course,  again  separated  such  minerals  as  Apatite  and 
Pyromorphite,  which  are  closely  allied,  and  was  destined  to 
be  replaced  by  some  arrangement  in  which  the  compounds 
of  each  metal  are  not  classed  together  but  are  distributed 
into  groups  according  to  their  natural  affinities. 

The  present  edition  classes  minerals  roughly  as  follows : — 

I.  Elements. 

II.  Sulphides  (tellurides,  etc.)  (a)  of  semi-metals. 

( b )  of  metals. 

III.  Sulpho-salts. 

IV.  Haloids. 

V.  Oxides: — (a)  -of  silicon. 

(b)  of  semi-metals. 

(r)  of  metals. 

VI.  Oxygen  salts: — (1)  Carbonates,  ( a )  anhydrous,  ( b )  acid,  basic, 

and  hydrous. 

(2)  Silicates  (and  titanates),  (a)  anhydrous  (b) 

hydrous. 

(3)  Niobates,  etc. 

(4) ]Phosphates,  arsenates,  etc. 

(5)  Borates. 

(6)  Sulphates,  etc.,  (a)  anhydrous,  (b)  acid,  basic, 

and  hydrous. 

(7)  Tungstates,  etc. 

VII.  Organic  compounds. 
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Under  this  scheme,  which  closely  resembles  that  of 
Rose,  the  so-called  isomorphous  groups  are  successfully 
retained  undivided. 

A  great  merit  of  Dana’s  fourth  and  succeeding  editions 
was  that  minerals  which  have  been  proved  to  be  the  same, 
or  only  to  differ  in  unimportant  particulars,  such  as  a  slight 
variation  of  some  constituents,  are  brought  together  under 
one  name.  No  new  name  is  invented,  but  in  accordance 
with  the  law  of  priority,  one  of  the  names  previously  used 
is  applied  to  the  mineral  as  a  species,  while  the  others  are 
retained  either  as  the  names  of  varieties  or  as  synonyms  ; 
they  can  never  be  eradicated  from  the  literature,  and 
hence  it  is  important  to  keep  them  in  their  proper 
place. 

This  excellent  plan,  though  it  apparently  deprives 
Mineralogy  of  system,  or  at  any  rate  of  systematic  nomen¬ 
clature,  and  preserves  only  trivial  names  which  are  often 
uncouth  or  absurd,  is  really  the  only  plan  which  can  be 
satisfactorily  adopted  at  the  present  time.  It  possesses  the 
necessary  elasticity  which  enables  us  to  transfer  a  given 
mineral  from  one  species  to  another  if  it  be  proved  to  be 
more  closely  related  to  the  latter. 

The  principles  of  classification  are  comparatively  easy  so 
soon  as  the  method  of  Dana  and  Rose  is  accepted  ;  every 
mineral  specimen  is  supposed  to  possess  a  definite  chemical 
composition  and  a  definite  crystalline  form  ;  those  which 
resemble  one  another  both  in  composition  and  form  are 
brought  together  into  a  “group  ”.  Thus  the  rhombohedral 
carbonates  Ca  COs,  Mg  C03,  Zn  C03,  Mn  C03,  Fe  C03  are 
five  minerals  similar  in  composition  and  in  crystalline  form, 
and  they  are  brought  together  in  the  system  into  one  group  ; 
so  also  are  the  four  garnets  Ca3  Al2  (Si  04)3,  Ca3  Cr2  (Si  04)3, 
Ca3  Fe2  (Si  04)3,  Fe3  Al2  (Si  04)3. 

In  reality  the  scheme  is  not  so  easy  of  application  for 
two  reasons  :  ( i )  because  minerals  are  never  so  perfectly 
simple  in  composition  but  graduate  into  one  another,  so 
that  it  is  difficult  to  say  where  a  given  species  begins  and 
where  it  ends;  (2)  because  the  groups  are  so  few  in  number, 
and  there  are  hundreds  of  minerals  which  have  to  remain 
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as  isolated  species  if  the  system  be  rigidly  adhered  to,  since 
they  cannot  be  referred  to  any  known  group. 

Above  all  the  chief  difficulty  remains  with  the  silicates, 
of  which  the  anhydrous  section  is  by  Dana  sub-divided  into 
bi-silicates,  meta  silicates,  ortho-silicates  and  sub-silicates, 
according  to  the  ratio  of  the  oxygen  of  the  silica  to  that  of 
the  bases.  In  reality  it  is  extremely  difficult  to  say  what  is 
to  be  regarded  as  acid  and  what  as  base  ;  in  the  hydrous 
section  this  is  not  even  attempted,  but  the  minerals  are 
classed  under  Zeolites,  Mica  Division,  Serpentine  Division, 
Kaolin  Division,  etc. 

Now  in  these  cases  we  clearly  have  a  partial  retention  of 
the  old  Natural  method  ;  for  the  Micas,  Chlorites,  etc.,  are 
practically  grouped  by  their  physical  characters,  the  com¬ 
position  being  too  hopelessly  complex  to  serve  as  the  sole 
basis  of  classification  ;  if  a  mineral  is  obviously  allied  to  the 
Micas  it  remains  with  them  although  the  formula  cannot  be 
brought  into  exact  harmony  with  that  of  any  Mica. 

This  is  only  one  instance  among  many  which  might 
raise  in  the  mind  of  an  unbiassed  reader  the  suspicion  that 
after  all  our  system  is  to  a  certain  extent  designed  to  bring 
together  minerals  which  are  declared  by  their  external 
characters  to  be  allied  and  would  therefore  have  been 
classed  together  under  the  old  Natural  Classification  ;  and 
when  the  system  does  not  harmonise  with  the  natural 
grouping  it  is  the  former  which  must  give  place  to  the  latter. 

d  he  Zeolites,  the  Micas,  and  the  Chlorites  are  natural 
groups  like  the  Felspars  or  the  Pyroxenes,  although  their 
affinities  cannot  yet  be  fully  explained  like  those  of  the 
Garnets  or  of  the  Calcite  group  by  a  simple  relation  of 
isomorphism. 

MINERAL  SPECIES. 

The  success,  however,  which  has  attended  the  present 
system  in  some  of  the  better-defined  groups,  such  as  the 
Garnets,  has  led  to  a  conviction  that  all  minerals  will 
ultimately  be  regarded  as  either  simple  compounds  or  as 
isomorphous  mixtures  of  simple  compounds  ;  the  five 
Garnets  mentioned  above  may  be  distinguished  under  the 
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names  Grossular,  Uvarovite,  Melanite,  and  Almandine. 
None  of  them  exist  in  nature  as  absolutely  pure  compounds, 
but  only  as  substances  which  can  be  regarded  as  mixtures 
of  these  five  compounds  with  one  another  and  with  such 
compounds  as  Mg3  Al2  (Si  04)3  and  Mn3  Al2  (Si  04)3, 
magnesia — and  manganese — garnets  which  are  more  or  less 
hypothetical  ;  the  name  applied  to  a  given  specimen  being 
that  of  the  simple  compound  to  which  it  most  closely 
approximates. 

Now  there  are  here  two  possibilities  to  be  distinguished. 
Two  compounds  A  and  B  are  related  in  form  and  composi¬ 
tion.  If  they  are  isomorphous  in  the  strict  sense  of  the 
term,  they  are  also  capable  of  crystallising  together  in 
indefinite  proportions  to  make  an  intermediate  compound 
mA  +  nB  where  in  and  n  are  any  numbers;  if  they  are  not 
strictly  isomorphous  they  may  crystallise  together  to  form  a 
compound  in  A  +  nB  where  in  and  n  are  simple  whole 
numbers,  and  'this  is  not  infrequently  similar  in  form  to 
the  components.  Further,  both  A  and  B  may  exist  as 
minerals,  or  A  may  be  a  known  mineral  and  B  an  artificial 
compound,  or  A  may  be  a  known  mineral  and  B  a  com¬ 
pound  whose  existence  is  only  inferred  from  that  of  the 
intermediate  compounds  in  A  +  nB,  or,  as  the  last  extreme, 
both  A  and  B  may  be  only  hypothetical  compounds  intro¬ 
duced  to  explain  the  composition  of  the  minerals  in  A  +  nB. 

Thus,  for  example,  in  the  carbonate  series  mentioned 
above  it  is  not  yet  known  whether  Dolomite  is  an 
isomorphous  mixture  of  Magnesite  Mg  C03  with  Calcite 
Ca  C03,  or  a  definite  compound  Mg  Ca  (C03)2,  or  a  mixture 
of  this  double  salt  with  Magnesite  and  Calcite.  In  the 
Scapolite  group  the  various  minerals  included  under  that 
name  are  generally  acknowledged  to  be  isomorphous 
mixtures  of  two  or  more  silicates,  but  different  views  are 
held  upon  the  possible  constitution  of  these  primary  con¬ 
stituents. 

Again,  there  is  some  uncertainty  whether  isomorphous 
mixtures  to  form  homogeneous  crystals  can  take  place  in 
all  proportions  and  are  accompanied  by  continuous  changes 
in  the  physical  properties  of  the  substance,  or  whether  they 


VIEWS  ON  MINERAL  SPECIES. 


441 


tend  to  assume  certain  molecular  proportions  as  in  Dolomite. 
It  is  generally  assumed  now,  in  consequence  of  the 
researches  of  Dufet  and  Retgers,  that  the  former  is  the 
case,  and  that  truly  isomorphous  compounds  can  graduate 
into  each  other  by  imperceptible  variation  of  mixture. 

Be  this  as  it  may,  we  are  obviously  compelled  to  admit 
that  minerals  such  as  Calcite  and  Dolomite,  though  not 
isomorphous  in  the  strictest  sense,  possess  a  similarity  both 
of  form  and  of  composition,  and,  whether  their  similarity 
be  indicated  by  the  term  species,  genus,  order,  group,  or 
family,  they  must  be  brought  together  in  any  system  of 
rational  classification  of  which  the  object  is  to  emphasise 
and  to  reveal  the  resemblances  of  minerals. 

The  term  species  is  freely  used  in  mineralogy,  but  in 
very  different  senses.  Many  authors,  in  particular  Berzelius, 
Rammelsberg,  Fuchs,  and  Groth,  would  banish  the  word 
entirely  from  this  science.  Obviously  if  Garnet  is  a  species 
so  is  the  whole  group,  including  Calcite,  Magnesite,  etc.  ; 
on  the  other  hand,  if  Calcite  is  a  species  so  is  each  of  the 
Garnets  mentioned  above,  together  with  the  other 
compounds  conforming  to  their  type  of  composition 
R"3  R"'a  (Si  04)3;  so  that  if  R"  may  be  Ca,  Mg,  Fe,  or  Mn, 
and  R"'  may  be  Al,  Fe,  or  Cr,  there  are  at  least  twelve 
species  belonging  to  the  Garnets. 

Dana,  in  the  fourth  and  preceding  editions  of  his 
system,  defined  a  mineral  species  as  “  any  natural  inorganic 
substance  composed  of  particles  capable  in  favourable 
circumstances  of  combining  by  means  of  their  mutual 
attractions  so  as  to  constitute  a  crystalline  solid”.  He  goes 
on  to  say  :  “  The  question  still  arises,  What  is  distinctively 
a  mineral  species  ?  Since  it  has  been  found  that  in  accord¬ 
ance  with  the  principles  of  isomorphism  there  are  elements 
which  may  replace  one  another  indefinitely  and  still  the 
form  of  the  crystals  remain  the  same,  crystallisation  has 
been  assumed  as  the  only  authoritative  test  of  identity  or 
distinction  of  species  ;  and  this  idea  has  been  the  means  of 
greatly  simplifying  the  science  ;  the  species  Garnet  would 
make,  according  to  the  old  chemical  view  a  dozen  or  more 
species.  .  .  .  Research  may  yet  discover  a  principle 
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(if  not  already  accomplished)  which  will  embrace  these 
seemingly  anomalous  cases,  and  establish  the  canon  that 
individuals  of  analogous  constitution  which  are  one  in 
crystallisation  constitute  a  single  species  ;  they  are  at  least 
so  far  identical  as  to  pertain  naturally  to  a  common  group, 
whether  we  call  it  a  genus  or  family  or  species  or  by  any 
other  name.” 

Tschermak  in  his  Lehrbuch  der  Miner alogie ,  which  is 
perhaps  more  largely  used  for  educational  purposes  than 
any  other  text-book  dealing  with  the  subject,  defines  a 
“  Mineralgattung,”  which  he  substitutes  for  the  word 
species,  as  including  all  minerals  which  are  identical  in 
chemical  composition  and  in  crystalline  form.  In  an 
isomorphous  series  of  mixtures  the  division  into  species 
is  more  or  less  arbitrary  and  is  arranged  so  as  to  suit 
practical  convenience. 

The  author  who  above  all  others  has  frankly  accepted 
this  view  of  systematic  mineralogy  is  Groth,  who  in 
successive  editions  (1874,  1882,  1889)  of  his  Tabellarische 
Uebersicht  der  Miner  alien  nach  ihren  Krystallo-chem  is  c  hen 
Beziehungen  geordnet  has  attempted  to  frame  a  rational 
classification  in  which  only  composition  and  form  are  taken 
into  account,  and  all  minerals  are  described  as  simple  com¬ 
pounds  or  as  isomorphous  mixtures  of  the  same. 

In  this  way  minerals  are  brought  together  into 
“  groups  ”  which  include  certain  simple  compounds  and 
their  isomorphous  mixtures.  In  the  system  of  Groth  there 
is  much  that  appears  to  be  highly  speculative  ;  in  order  to 
secure  the  two  features  desired,  (1)  simplicity  of  constitution, 
and  (2)  an  isomorphous  relationship  between  all  the 
members  of  a  group,  radicles  are  introduced  in  an  arbitrary 
manner,  which  is  not  always  suggested  by  the  results  of 
analysis. 

I  he  assertion  in  the  second  edition  that  Fluorine  is 
replaceable  by  Hydroxyl,  Ca2  or  Ca  Mg  by  Na  Fe  and  by 
Li  Al,  Al2  by  Ca  Si,  and  Si2  by  Ca  Al2  was  not  at  that  date 
(1882)  the  enunciation  of  any  generally  accepted  facts. 
Subsequent  study  has,  however,  in  many  instances  only 
confirmed  the  remarkable  insight  which  has  led  Groth  to 
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predict  the  composition  of  some  of  the  less  fully  investigated 
minerals  ;  the  recent  analysis  of  Leadhillite,  for  example, 
by  Pirsson  and  Wells  agrees  absolutely  with  the  composi- 
ion  which  Groth  had  in  1889  assigned  to  this  mineral  in 
order  to  express  it  in  the  simplest  possible  manner  as  a 
basic  sulphate  and  carbonate. 

NEW  SYSTEMS  OF  CLASSIFICATION, 

From  what  has  been  said  it  is  clear  that  according  to 
modern  views  the  true  “  individuals  ”  which  should  con¬ 
stitute  the  units  of  mineralogy,  whether  they  be  called 
species  or  not,  are  all  those  simple  compounds  which  by 
their  intermixtures  and  mutual  replacements  give  rise  to  all 
the  known  minerals  ;  they  are  as  it  were  the  letters  of  the 
mineralogical  alphabet,  though  they  are  not  all  found  in 
nature  as  minerals. 

Their  study  is  in  reality  part  of  a  much  more  compre¬ 
hensive  system  which  shall  take  into  account  the  characters 
and  relationships  of  all  known  crystallisable  substances 
whether  minerals  or  laboratory  products  ;  the  latter  fill  gaps 
in  the  system  which  can  never  be  complete  without  them. 

(In  such  a  system  non-crystallisable  substances  occupy 
a  position  by  themselves,  and  one  of  entirely  subordinate 
importance  as  regards  mineralogy  ;  it  may  be  doubted 
whether  more  than  one  such  substance,  namely  opal,  occurs 
as  a  natural  inorganic  mineral  ;  earthy  minerals  we  are 
accustomed  to  regard  merely  as  amorphous  varieties  which 
bear  the  same  relation  to  possible  crystalline  compounds 
that  an  amorphous  precipitate  of  barium  sulphate  bears  to 
the  mineral  Barytes.) 

The  study  of  the  simple  crystalline  individuals  which 
are  the  units  of  Mineralogy  and  of  Chemistry  can  only  be 
carried  on  by  the  help  of  their  morphological  and  physical 
relationships  ;  the  important  contribution  which  minerals 
make  to  this  study  is  the  large  number  of  suggestive 
isomorphous  mixtures  which  are  to  be  found  in  the  Mineral 
Kingdom.  Upon  these  is  based  a  system  of  mineralogical 
classification  which  is  far  more  important  than  any  attempt 
to  frame  a  rigid  definition  of  species. 
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But  the  curious  feature  which  particularly  deserves 
notice  is  this  :  In  proportion  as  our  mineral  classification 
becomes  more  purely  a  chemical  one  as  interpreted  by 
isomorphism,  so  does  it  depart  more  and  more  widely  from 
what  was  originally  meant  by  a  chemical  classification  ;  as 
our  views  on  isomorphous  replacement  become  extended, 
and  radicles  which  are  apparently  diverse  are  recognised  as 
capable  of  mutual  replacement,  so  is  the  genetic  kinship  of 
minerals  as  referable  to  certain  acids  or  bases  more  and 
more  lost  from  sight,  until  ultimately  a  classification  of 
crystallisable  substances  on  mineralogical  principles  bears 
little  resemblance  to  the  classification  of  chemical  text¬ 
books. 

It  must  be  borne  in  mind  that  the  purpose  of  systematic 
mineralogy  is  not  to  co-ordinate  those  characters  which  are 
useful  for  determinative  purposes  ;  yet  the  latter  have 
always  exercised  an  influence  upon  the  classification.  At 
the  beginning  of  the  century  the  external  characters  alone 
were  used  for  determination,  they  were  also  the  basis  of 
classification  ;  somewhat  later  the  necessity  of  chemical 
analysis  was  fully  recognised,  and  the  system  became  purely 
chemical.  It  may  be  that  now,  since  improvements  in 
physical  methods  render  it  possible  to.  identify  a  mineral 
with  accuracy  by  optical  characters,  specific  gravity,  and 
form,  as  is  constantly  done  in  petrographical  research, 
determinative  mineralogy  does  not  lend  such  strong  support 
as  formerly  to  a  rigidly  chemical  definition  and  classification 
of  mineral  species. 

To  be  bound  now  to  any  system  which  necessarily 
classes  together  all  silicates  or  all  oxides  is  only  to  be 
hampered  by  preconceived  interpretations  of  the  analyses. 
The  symptoms  of  dissatisfaction  with  such  a  system  are 
widespread,  and  in  extreme  cases  almost  express  themselves 
by  an  apparent  return  to  the  old  Natural  methods  in  which 
the  composition  was  of  no  account ;  well-defined  natural 
groups  are  accepted  on  grounds  of  general  similarity  in 
characters,  and  attempts  are  then  made  to  explain  the 
chemical  constitution  as  also  indicative  of  the  same 
similarity. 
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A  great  deal  dates  from  the  discovery  that  the  plagio- 
clastic  Felspars  must  be  regarded  as  isomorphous  mixtures 
of  the  two  compounds  Na  A1  Si3  Os  and  Ca  Al2  Si2  Os,  a 
relation  which  later  investigation  has  established  more 
firmly  than  ever.  In  whatever  way  such  a  relation  is 
explained,  whether  by  regarding  Ca  as  capable  of  replacing 
Na,  and  A1  of  replacing  Si,  or  by  supposing  Ca  Al2  to  be 
capable  of  replacing  Si2,  the  exigencies  of  this  and  similar 
cases  lead  far  beyond  the  old  conceptions  of  isomorphism, 
and  introduce  radicles  which  result  in  quite  a  new  mode  of 
chemical  classification. 

The  replacement  of  Fluorine  by  hydroxyl,  for  example, 
enables  us  to  refer  many  so-called  hydrated  compounds  to 
a  natural  position  among  anhydrous  groups.  Thus 
Swabite,  a  newly  discovered  hexagonal  mineral  having 
the  composition  H20.  ioCaO.  3As205,  can  in  the  form 
(CaOH)  Ca4  (As04)3  be  reasonably  referred  to  the 
Apatite  group  (Ca  F)  Ca4  (P04)3,  to  which  it  bears  much 
resemblance. 

These  principles  are  being  extended  every  day. 
Brogger  and  Backstrom  have  proposed  to  include  in  the 
Garnet  group  the  minerals  Sodalite,  Nosean,  and  Lapis- 
Lazuli,  which  were  formerly  either  allied  with  Nepheline  as 
alkaline  silicates,  or  were  placed  in  separate  groups  as 
silicates  combined  with  chlorides  and  sulphates.  They 
suggest,  in  order  to  bring  them  into  harmony  with  the 
Garnet  type  R3  Al2  (Si  04)3,  the  following  formulae  : — 
Sodalite  Na4  [A1  Cl]  Al2  (Si  04)3. 

Nosean  Na4  [A1  (Na  S04)]  Al2  (Si  04)3. 

Lapis-Lazuli  Na4  [A1  (S3  Na)]  Al2  (Si  04)3. 

Again,  according  to  Brogger,  another  group  of  minerals 
which  present  remarkable  resemblances  in  crystallographic 
and  physical  characters  include  certain  silicates,  aluminates, 
ferrates,  and  manganates  conforming  to  a  general  type  of 
formula  R2  Si  04  and  R2  X2  04,  where  in  the  silicates  R 
may  be  any  of  the  elements  Ca,  Fe,  Mg,  Mn,  Zn,  Be,  or 
the  radicle  (H2  Cu),  while  in  the  aluminates  and  other  com¬ 
pounds  it  may  denote  Be,  H2,  or  Mg2  O  ;  X  being 
Al,  B,  Fe,  or  Mn.  This  unites  into  one  mineral  group 
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Chrysoberyl,  Diaspore,  and  Manganite ;  Ludwigite  and 
Pinakiolite  ;  Olivine,  Phenacite,  Willemite,  Dioptase  and 
Trimerite  ;  minerals  which  are  generally  dispersed  among 
the  groups  of  Oxides  or  Hydrates,  Borates,  and  Silicates. 

It  would  be  easy  to  multiply  examples,  but  the  above 
will  be  sufficient  to  illustrate  the  direction  in  which  modern 
views  on  mineral  species  are  tending. 

Though  veiled,  the  conflict  between  Natural-historical 
and  purely  Chemical  modes  of  classification  still  con¬ 
tinues  ;  but  it  is  now  mainly  a  question  of  interpretation. 
Mineralogists  are  pretty  well  agreed  upon  the  composition, 
the  form,  and  the  other  essential  characters  of  crystallised 
minerals  ;  they  are  also  agreed  upon  the  futility  of  placing 
such  characters  as  hardness,  lustre,  colour,  etc.,  in  a  posi¬ 
tion  of  equal  importance  with  the  measurable  physical  and 
chemical  characteristics.  Instead,  however,  of  endeavouring 
to  define  each  species  or  to  say  where  it  begins  and  ends, 
they  will  be  better  occupied  in  studying  the  variations  and 
ascertaining  how  the  different  characters  vary  together. 
Sooner  or  later  this  will  lead  to  an  entire  revision  of  the 
present  system,  and  probably  on  the  lines  indicated  in  the 
last  paragraphs. 

We  may  then  hope  to  reduce  the  complication  at 
present  prevailing  in  the  Mineral  Kingdom  to  an  orderly 
variation  within  certain  well-defined  and  comprehensive 
groups,  each  of  which  may  include  various  chemical  types 
and  various  crystalline  systems,  and  to  understand  them  as 
the  direct  expression  of  the  laws  which  govern  the  nature 
and  arrangement  of  the  ultimate  particles  in  crystallisable 
compounds. 


H.  A.  Miers. 
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PART  V. 

THE  botanical  exploration  of  the  African  islands  of  the 
Indian  Ocean  has  now  reached  a  point  that  further 
discoveries  will  hardly  lead  to  further  problematical  ques¬ 
tions  in  relation  to  the  geographical  distribution  of  plants. 
Numerous  species  still  lie  undescribed  in  herbaria,  and 
doubtless  many  have  not  yet  been  collected,  and  probably 
new  generic  types  may  yet  be  discovered  ;  but  were  every 
genus  and  species  known  we  should  be  in  no  better  position 
than  we  are  at  present  for  discussing  the  composition  and 
origin  of  the  flora  of  these  interesting  islands. 

I  will  take  Madagascar  first,  because  so  much  has  been 
written  on  the  relationship  of  its  fauna  and  flora  ;  and,  I 
may  add,  because  the  peculiarities  of  its  flora,  at  least, 
have  been  exaggerated  and  the  affinities  misunderstood. 
Following  up  Mr.  J.  G.  Baker’s  investigations,  to  which  I 
shall  have  occasion  to  refer  again,  I,  some  years  ago, 
attempted  to  demonstrate  ( i )  that  the  flora  was  essentially 
African  in  character,  and  the  enormous  accumulation  of 
data  since  then  fully  confirm  the  views  there  set  forth. 

I  was  impelled  to  an  examination  of  the  facts  in  con¬ 
sequence  of  the  importance  attached  by  Dr.  Wallace  (2) 
to  the  apparent  Asiatic  affinities  of  the  flora  and  its  dis¬ 
similarity  from  the  African  flora  of  the  same  latitude. 
This  view  is  even  emphasized  in  his  later  work  (3),  from 
which  I  quote  the  following  sentence  : — 

“  As  examples  ol  extreme  diversity,  notwithstanding 
geographical  proximity,  we  may  adduce  Madagascar  and 
Africa,  whose  animal  and  vegetable  productions  are  far 
less  alike  than  are  those  of  Great  Britain  and  Japan  at  the 
remotest  extremities  of  the  great  northern  continent ;  while 
an  equal,  or  perhaps  even  a  still  greater,  diversity  exists 
between  Australia  and  New  Zealand”. 

Now,  I  believe  that  it  will  be  generally  admitted  that 
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the  facts  adduced  below  entirely  invalidate  the  foregoing 
statement.  Not  only  is  it  inaccurate  as  regards  Africa  and 
Madagascar,  but  the  comparison  of  Great  Britain  with 
Japan  is  singularly  unfortunate,  so  far,  at  least,  as  the  flora 
is  concerned.  It  is  true  that  there  is  a  northern  flora 
extending  from  the  Atlantic  to  the  Pacific,  and  including 
Great  Britain  in  its  area,  which  is  essentially  the  same  from 
sea  to  sea.  It  is  also  true  that  Britain  and  Japan  have  a 
number  of  genera  and  some  species  in  common  ;  but  here 
the  resemblances  cease.  In  Britain  there  is  practically  no 
endemic  element ;  there  is  very  little  variety  in  evergreen 
trees  and  shrubs,  and  there  is  very  little  variety  of  shrubs 
and  trees  with  conspicuous  flowers.  In  Japan  all  these 
conditions  are  reversed  ;  and  there  are  local  endemic  types, 
or  such  as  it  has  in  common  with  China,  which  are  equally 
peculiar  and  distinct  in  their  way  from  the  British  as  those 
of  the  Ethiopian  Region,  by  which  I  mean  Africa  and  the 
islands.  It  would  unduly  lengthen  this  article  to  enter  far 
into  particulars  of  the  Japanese  flora,  but  it  may  be  explained 
that  it  is  a  part  of  what  may  be  termed  the  Chino- Japanese 
flora,  which  is  intimately  connected  with  that  of  the  Hima¬ 
layas,  and  very  different  from  that  which  forms  a  belt  in  a 
somewhat  colder  northern  zone,  from  the  Atlantic  to  the 
Pacific.  The  late  Maximowicz,  who  was  undoubtedly  the 
first  authority  on  the  botany  of  Eastern  Asia,  and  whose 
knowledge  was  based  upon  several  years’  residence  and 
journeyings  in  the  Amur  country  and  Japan,  published 
some  interesting  statistics  (4)  illustrating  the  gradual  east¬ 
ward  diminution  of  the  absolute  numbers  and  percentages 
of  species  having  a  wide  area — that  is,  either  circumpolar, 
or  common  to  both  Europe  and  Asia.  In  Baikal- Dahuria 
they  form,  approximately,  53*4  per  cent.;  in  Mongolia,  46-2 
per  cent.;  in  Mandshuria,  39*6  per  cent.;  in  the  Peking 
district,  31*9  per  cent.;  and  in  Japan,  16*2  percent.  The 
percentages  of  endemic  species  in  these  five  areas  are 
respectively:  9-4,  8*3,  87,  13*3  and  44*0;  from  which  it 
appears  that  there  is  an  enormous  increase  on  passing  from 
the  continent  to  the  islands  of  Japan.  Subsequent  dis¬ 
coveries  in  Central  and  Western  China  have  revealed  the 
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existence  of  somewhat  closer  affinities  between  the  floras  of 
China  and  Japan  than  were  supposed  to  exist,  and  have 
confirmed  Maximowiczs  description  of  the  abrupt  cessation 
in  Mandshuria  of  what  may  be  termed  the  element  of  wide 
distribution.  A  striking  illustration  of  the  truth  of  this 
came  under  my  own  observation  a  few  years  ago.  Mr.  H. 
E.  M.  James  presented  Kew  with  a  collection  of  dried 
plants  made  by  him  and  his  companions  between  MAukden 
and  Kirin.  The  flowering  plants  were  determined  (5),  and 
160,  out  of  about  500,  or  nearly  one-third  of  the  species, 
were  common  to  the  British  Islands  and  Mandshuria. 

I  have  gone  so  far  into  particulars  concerning  the  flora 
of  Japan,  because  it  is  an  insular  one,  and  because  its 
composition  has  been  misunderstood  by  certain  writers. 

With  regard  to  the  diversity  of  the  New  Zealand  and 
Australian  floras,  it  should  be  borne  in  mind  that  it  is 
largely  due  to  the  poverty  of  the  former,  and  the  absence  of 
prominent  Australian  types,  rather  than  the  presence  of 
types  not  represented  in  the  Australian  flora.  It  is  true 
that  there  is  a  relatively  large  endemic  element  in  New 
Zealand,  both  generic  and  specific,  but  the  nearest  allies  are 
found  in  Australia  and  the  outlying  islands  ;  and  many  of 
the  most  abundant  and  most  conspicuous  members  of  the 
New  Zealand  flora  belong  to  characteristic  Australian 
genera,  or  to  genera  equally  common  in  Australia.  The 
following  is  a  selection  :  Pittosporum ,  Edymenanthera , 
Plagianthus ,  Pkebalium,  Pomaderris ,  Leptospermum ,  Me¬ 
tro  sider  os,  Coprosma ,  Ole  aria,  Ozothamnos ,  Stackhousia , 
Styhdium,  numerous  Epacrideae,  Logania ,  Myoporzim , 
Atherosperma,  Hedycarya,  Persoonia ,  Pimelea ,  Exocarpus, 
Fagus,  Po  do  carpus,  Dacrydium ,  numerous  Orchideae  and 
Liliaceae,  a  few  Restiaceae,  and  Lepidospermum.  The  fore¬ 
going  list  includes  a  few  genera,  such  as  Stackhousia ,  which 
are  abundantly  represented  in  Australia,  but  rare  in  New 
Zealand. 

Returning  to  the  flora  of  Madagascar,  I  propose  giving 
a  condensed  account  of  the  data  afforded  by  the  scattered 
literature,  and  the  copious  collections  of  recent  years.  The 
botanical  exploration  of  the  islands  has  not  been  the  work  of 
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one  nation  alone:  English,  French  and  Germans  alike  have 
participated  in  it ;  but  in  each  case  by  totally  different 
bodies  of  persons.  Thus  the  collections  that  have  reached 
this  country  were  made  almost  exclusively  by  English 
missionaries  ;  the  French  collections  were  made,  to  a  large 
extent,  under  Government  auspices  ;  and  the  German  col¬ 
lections  by  independent  explorers.  Numerous  botanists 
have  contributed  to  the  publication  of  the  plants  discovered 
by  the  various  travellers.1  The  English  collections  chiefly 
by  Mr.  J.  G.  Baker  (6),  Mr.  H.  N.  Ridley  (7),  and  Mr.  G. 
F.  S.  Elliot  (8  and  9),  who  described  the  plants  collected 
by  himself ;  the  French  collections  almost  entirely  by  Dr. 
H.  Baillon  (10  and  11);  and  the  German  collections  by 
various  botanists  (12  to  18).  Dr.  Baillon  long  ago  com¬ 
menced  an  enumeration  of  the  plants  of  Madagascar  (10). 
but  this  is  still  far  from  complete  ;  and  I  am  greatly  in¬ 
debted  to  Mr.  J.  G.  Baker  for  kindly  permitting  me  to  use  a 
manuscript  index  he  has  compiled  to  the  places  of  publica¬ 
tion  of  the  plants  of  Madagascar  up  to  the  present  time. 
The  Rev.  R.  Baron,  who  has  resided  many  years  in  Mada¬ 
gascar,  and  who  is  the  most  successful  and  persevering  of 
the  English  collectors,  drew  up  an  account  (19)  of  the 
vegetation  and  flora  of  the  island,  based  upon  the  published 
material  and  personal  observation.  To  this  article  I  am 
indebted  for  many  of  the  following  particulars,  somewhat 
modified  in  some  instances  by  subsequent  discoveries,  or 
publication  of  previous  discoveries.  For  more  complete  data 
respecting  the  monocotyledons  and  gymnosperms  I  have 
consulted  Durand  and  Schinz  (20),  whose  work,  so  far  as  it 
goes,  has  been  of  immense  assistance,  as  it  includes  the 
whole  of  the  African  Islands,  both  of  the  Atlantic  and 
Indian  Oceans. 

Madagascar,  it  may  be  convenient  to  remind  the  reader, 
is  situated  almost  wholly  within  the  southern  tropic,  and 
is  one  of  the  largest  islands  of  the  world,  being  approximately 
(21)  1000  miles  in  length,  with  an  average  width  of  250 
miles,  while,  according  to  the  same  authority,  the  highest 


1  Only  the  vascular  plants  are  taken  into  consideration  here. 
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peaks  are  very  little  more  than  8500  feet  above  the  level  of 
the  sea. 

Baron  estimated  (19)  the  number  of  species  of  vascular 
plants  known  as  4100;  but  Mr.  J.  G.  Baker  agrees  with 
me  that  we  may  now  rightly  raise  this  number  to  5000  ;  not 
that  they  are  all  known  in  the  sense  of  being  published,  for 
many  yet  remain  in  herbaria  undescribed.  Nevertheless, 
for  the  purposes  of  this  article,  Mr.  Baron’s  figures  and 
other  data  will  be  used,  supplemented  by  remarks  on  sub¬ 
sequent  discoveries  of  importance  in  geographical  botany. 
But  these  are  few  ;  the  additional  novelties  being  chiefly 
of  no  higher  rank  than  species. 

Roughly  speaking,  the  vegetation  of  Madagascar  con¬ 
sists  of  three  zones,  namely,  the  tropical  plains,  varying  in 
width,  from  the  sea-coast  inland;  a  belt  of  forest,  encircling 
the  interior  treeless  zone,  and  also  varying  in  width.  Baron 
reckoned  the  area  of  the  forest-clad  country  at  30,000 
square  miles,  or  about  one-eighth  of  the  island  ;  but  the 
natives  are  destroying  the  forest  in  the  most  reckless 
manner.  He  mentions,  for  instance,  that  no  fewer  than 
25,000  trees  were  cut  down  to  make  a  passage  for  a  tomb¬ 
stone  that  had  been  quarried  in  a  certain  place !  Should 
this  wanton  waste  be  permitted  to  continue,  many  rare 
plants  will  undoubtedly  disappear. 

For  purposes  of  comparison,  I  propose  giving  some 
numbers  and  percentages  for  other  countries,  mainly  from 
tables  of  my  own  construction  (1,  22,  23,)  presuming  that 
in  all  cases  they  are  merely  approximations,  though  it  may 
be  claimed  for  them  that  they  are  based  upon  fairly  uniform 
computations. 

Of  the  202  1  natural  orders  admitted  by  Bentham  and 
Hooker  (24)  144  are  represented  in  Madagascar.  The 
numbers  in  Central  America  (including  Mexico),  British 
India  and  Australia  are  respectively  162,  174  and  154. 
The  number  of  natural  orders  of  restricted  distribution  is 
exceedingly  limited,  and  Madagascar  can  only  claim  one 
small  group  of  plants,  the  Chlaenaceae,  to  which  this  status 


1  Baron  erroneously  places  the  number  at  200. 
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is  accorded,  and  not  by  all  botanists.  I  shall  have  occasion 
to  refer  to  the  affinities  of  this  natural  order  in  a  succeeding 
paragraph.  As  a  matter  of  fact,  however,  it  has  less 
decided  distinctive  characters  than  some  of  the  aberrant 
endemic  genera  of  Madagascar  ;  and  it  does  not  rank  with 
such  orders  as  the  American  Bromeliacese,  Sarraceniacese 
and  Calycereae ;  or  the  South  African  Bruniaceae  and 
Penaeaceae,  and  the  Australian  Tremandreae.  At  most,  it 
ranks  no  higher  than  the  least  specialized  of  the  natural 
orders  named. 

Bearing  on  this  question,  the  restricted  area  of  natural 
orders,  it  is  singular  that  no  natural  order  is  confined  to 
Asia,  but  there  are  several — Dipterocarpeae,  Moringeae  and 
Salvadoraceae — which  are  common  to  Asia  and  Africa;  and 
the  two  latter  are  represented  in  Madagascar.  It  is  true 
that  if  the  genera  Ancistrocladus  and  Lophira  be  excluded 
from  the  Dipterocarpeae,  only  one  species  of  this  order 
inhabits  Africa  against  large  numbers  in  Asia. 

The  number  of  genera  then  (1889)  known  to  inhabit 
Madagascar  was  970,  and  is  now  probably  not  less  than 
1000.  Bentham  and  Hooker  (24)  describe  less  than  7600 
genera,  but  the  discoveries  since  the  publication  of  the 
various  parts  of  that  work  would  probably  bring  the  total 
up  to  9000  upon  the  broad  lines  laid  down  by  them.  My 
estimate  of  the  number  of  genera  of  vascular  plants  known 
to  inhabit  Mexico  and  Central  America  in  1888  was  1849, 
whereof  1794  were  phanerogams.  My  estimate  of  the 
number  of  phanerogamic  genera  in  the  flora  of  British 
India  was  2271  ;  and  Sir  F.  von  Mueller’s  census  of 
Australian  plants  gave  1409  genera,  including  45  genera  of 
vascular  cryptogams.  These  figures  indicate  that  a  large 
proportion  of  the  genera  of  vascular  plants  must  have  a 
wide  range,  and  the  approximate  percentages  of  endemic 
genera  in  each  of  these  regions  will  give  an  idea  of  their 
relative  degrees  of  concentration  in  large  insular  and  large 
continental  areas. 

In  Madagascar  15  per  cent,  of  the  genera  are  endemic  ; 
in  Central  America  (including  Mexico),  11  per  cent.;  in 
British  India,  13 *8  per  cent.;  in  Australia,  30*5  per  cent.; 


INSULAR  FLORAS. 


453 


and  in  South  Africa,  30*5  per  cent.  Assuming  that  future 
discoveries  will  to  some  extent  raise  the  percentage  in 
Madagascar,  and  that  the  genera  of  South  African  and 
Australian  plants  have  even  been  unduly  multiplied,  it  is 
highly  improbable  that  Madagascar  will  ever  show  so  high 
a  percentage  of  endemic  genera  as  the  countries  named. 

Comparing  the  specific  endemic  element  in  the  Mada¬ 
gascar  flora  with  that  in  each  of  the  countries  named,  we 
obtain  similar  results.  Baron  points  out  the  high  per¬ 
centage  of  endemic  species  in  Madagascar,  but  he  institutes 
no  comparisons.  He  says  :  “Of  the  4100  indigenous  plants 
at  present  known  in  Madagascar,  about  3000  are,  remark¬ 
able  to  say,  endemic  This  includes  the  vascular 
ferns. 

In  1888  the  percentage  of  endemic  species  of  phane¬ 
rogams  known  to  inhabit  Central  America  and  Mexico  was 
70*5,  and  since  that  date  numerous  genera  and  several 
hundred  new  species  have  been  described.  Taking  a  more 
restricted  area  in  Central  America,  that  is  to  say,  the 
South  Mexican  region,  as  defined  in  the  Botany  of  the 
Biologia  Centrah  Americana ,  I  estimated  the  specific  en¬ 
demic  element  to  exceed  80  per  cent.  In  Australia  84*9 
per  cent,  of  the  vascular  plants  are  endemic,  and  taking 
West  Australia  by  itself,  85  per  cent,  of  the  species  are 
endemic  in  that  part  of  Australia.  The  extratropical  South 
African  flora  yields  nearly  as  high  a  percentage.  The  per¬ 
centage  of  endemic  species  in  British  India  was  found  to 
be  considerably  lower — barely  69,  but  within  this  area  there 
is  an  overlapping  of  several  distinct  floras. 

Assuming  the  foregoing  figures  to  represent  about  the 
same  value  in  each  case,  and  there  is  no  reason  to  doubt 
this,  it  will  be  perceived,  that  so  far  as  mere  numbers  are 
concerned,  at  least,  Madagascar  does  not  present  a  more 
highly  specialized  flora  than  certain  larger  and  smaller 
continental  areas,  and  that  it  is  surpassed  in  this  respect  by 
other  areas.  I  believe,  too,  that  these  proportions  would 
hold  good  for  the  different  regions  of  Madagascar.  Baron 
divides  the  country  into  three  regions  —  an  eastern,  a 
western,  and  a  central ;  and  he  gives  the  results  of  an 
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analysis  of  the  composition  of  the  vegetation  in  each.  The 
peculiar  species  are  as  2*6  to  i,  2*3  to  1,  and  2*4  to  1 
respectively  out  of  the  total  number  of  species  known  from 
each  region. 

It  should  be  added,  moreover,  that  Mr.  Baron  finds 
that  the  floras  of  the  eastern  and  western  regions  differ 
very  widely,  which  he  explains  by  assuming  great  age  for 
the  elevated  central  region  dividing  the  two.  He  states 
that  apart  from  100  species  which  are  common  to  all  three 
regions,  only  128  are  common  to  the  eastern  and  western 
regions.  But  it  would  appear  the  diversities  are  largely 
specific  rather  than  generic,  and  no  greater  than  those 
existing  in  contiguous  valleys  of  the  great  mountain  masses 
of  Eastern  India  and  Western  China. 

Passing  from  statistics  to  the  composition  and  affinities 
of  the  endemic  element  in  the  flora  of  Madagascar,  we 
approach  a  more  interesting  subject.  It  is  convenient  to 
discuss  this  in  relation  to  the  rank  of  the  groups,  whether 
ordinal,  generic,  or  specific.  As  already  mentioned,  the 
only  group  of  plants  endemic  in  Madagascar  to  which 
ordinal  rank  has  been  assigned  are  the  Chlaenaceae. 
Whether  regarded  as  an  order,  or  as  a  tribe  of  the 
Ternstroemiaceae,  as  proposed  by  Baillon  (25),  there  is  no 
doubt  that  they  form  a  group  of  very  curious  genera, 
mostly  characterized  by  having  an  involucre,  or  epicalyx, 
and  a  cylindrical  or  cap-shaped  organ  called  a  disk,  within 
and  upon  which  the  stamens  are  seated.  They  are  shrubs 
and  trees  ;  one  species  being  as  much  as  a  hundred  feet 
high.  Seven  genera  have  been  found,  and  about  twenty- 
eight  species.  According  to  Baron,  the  majority  of  them 
are  found  in  the  eastern  part  of  the  island,  and  the  genus 
Rhodolcena  is  confined  to  that  side.  The  only  species  of 
Sclerolcena  inhabits  the  north  and  north-west,  and  the  four 
species  of  Xerochlaniys  occur  on  the  hills  and  mountains  of 
the  interior.  Leptolczna  pauci flora,  an  eastern  member  of 
the  order,  “  is  a  hard-wooded  tree,  from  the  trunk  and 
branches  of  which,  at  a  certain  season  of  the  year,  there  is 
a  ceaseless  dropping  of  water,  sufficient  indeed  to  keep  the 
ground  quite  damp  ”. 
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Some  of  these  Chlsenacese,  such  as  Rhodolcena  altivola 
and  Sarcolcena  grandiflora ,  have  large  showy  flowers. 

A  few  of  the  most  peculiar  and  striking  plants  of 
Madagascar  are  so  well  known  that  it  is  hardly  necessary 
to  mention  them.  For  example,  Angr cecum  sesquipedale , 
Ouvirandra  fenestra lisy  and  Ravenala  madagascariensis.  The 
last  is  often  cited  as  an  instance  of  American  affinity  not 
represented  in  continental  Africa ;  and  indeed  it  is  the 
most  remarkable  and  prominent  of  the  endemic  plants. 

Among  the  150  endemic  genera,  exclusive  of  the 
Chlaenaceae,  some  stand  out  so  conspicuously  from  the  rest 
as  to  demand  special  notice  ;  but  space  will  only  permit 
of  a  few  words  concerning  some  of  the  more  curious  or 
prominent.  Didierea  (26)  is  an  aberrant  type,  exceptional 
alike  in  habit  and  floral  structure,  which  Baillon  refers  to 
the  Sapindaceae,  though  it  presents  so  many  points  of 
difference  that  perhaps  it  deserves  the  rank  of  a  natural  order 
equally  as  much  as  the  Asiatic  Dobineay  recently  raised  to 
that  dignity  by  the  same  author.  Two  species  of  this 
singular  genus  are  now  known,  both  from  the  south¬ 
west  of  the  island.  The  first  discovered,  Didierea 
madagascariensis ,  grows  gregariously  on  the  dry  plains 
near  A  ulear,  covering  considerable  expanses.  It  has 
a  thick,  fleshy  stem,  simple,  or  very  little  branched, 
recalling  the  columnar  Cactiy  but  it  is  not  fluted ;  and 
the  small,  linear  leaves  and  flowers  are  in  clusters,  pro¬ 
tected  by  groups  of  formidable  spines,  springing  from  the 
same  protuberances  or  cushions.  The  flowers  are  uni¬ 
sexual,  and  the  floral  envelope  consists  of  three  decussating 
pairs  of  organs,  the  innermost  of  which  are  the  smallest. 
There  are  eight  stamens,  and  the  three-celled  ovary  with 
one  ovule  in  each  cell  matures  in  a  one-seeded  triangular 
fruit,  surmounted  by  a  very  large  three-lobed  corrugated 
stigma.  The  second  species,  D.  mirabiliSy  has  a  stout 
trunk  about  twenty  inches  in  diameter,  giving  off  horizontal 
branches  at  a  few  feet  from  the  ground,  the  whole  plant 
rising  to  a  height  of  twelve  to  fifteen  feet. 

Among  the  Leguminosae  are  several  remarkable  types, 
notably  N eobaronia  of  Baker,  which,  however,  had  been 
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previously  described  by  Baillon  under  the  expressive  name 
of  Phylloxylon  (27).  It  has  broad,  sometimes  branched 
phylloclades,  bearing  flowers  on  their  margins,  succeeded 
by  short,  coriaceous  ovoid  pods.  Imperfect  specimens  had 
long  lain  undescribed  in  herbaria.  Polycardia  is  a  singular 
genus  of  the  Celastrineae,  characterized  by  the  flowers  being 
borne  in  clusters  on  the  leaves.  In  P.  centralis  they  are 
borne  on  the  midrib  in  the  middle  of  the  upper  surface  of 
the  leaf ;  in  P.  Baroniana  (28)  they  are  borne  in  a  lateral 
sinus  ;  and  in  P.  phyllanthoides  they  are  borne  in  an  apical 
sinus.  In  all  cases  they  originate  from  the  midrib  of  the 
leaf.  Structurally,  however,  the  genus  hardly  differs  from 
Celastrus  itself,  to  which  Baillon  has  reduced  it.  Complete 
specimens  of  Thouars’s  doubtful  genus  Dilobeia  have  been 
collected,  proving  it  beyond  question  to  belong  to  the 
Proteacese.  Baillon  has  figured  it  (29),  and  the  genus 
is  apparently  monotypic.  The  broad  leaves  are  doubly 
bifid  on  the  young  trees  and  barren  branches,  and  singly 
bifid  on  the  flowering  branches,  with  a  large  saucer-shaped 
gland  in  the  base  of  each  sinus  ;  and  the  inconspicuous 
flowers  are  dioecious.  T.rimorp hop et alum  (30)  is  a  distinct 
new  generic  type,  most  nearly  allied  to  Impatiens ,  and 
described  as  having  two  small  green  lateral  sepals  and  a 
large  petaloid,  hood-shaped  posticous  one,  and  three  petals, 
of  which  the  anticous  one  is  similar  to  the  posticous  sepal, 
and  the  lateral  ones  are  orbicular  and  narrowed  into  a  claw, 
Tisonia  (31)  is  an  equally  singular  new  type  of  the  Bixineae. 
It  has  apetalous,  hermaphrodite  flowers  with  three  large  se¬ 
pals,  which  grow  out  into  a  three-winged  organ  enclosing  the 
fruit.  Many  other  curiously  aberrant  types  might  be  noted, 
but  those  indicated  are  among  the  most  interesting.  Yet 
I  would  not  be  understood  as  laying  great  stress  on  this 
fact,  or  attaching  great  importance  to  it,  because  relatively 
this  feature  is  no  more  pronounced  in  Madagascar  than  it  is 
in  Bourbon  and  the  Seychelles,  to  say  nothing  of  conti¬ 
nental  Africa.  To  give  examples  from  other  countries, 
however,  is  beyond  the  scope  of  these  articles. 

Not  less  interesting  than  the  endemic  genera  are  the 
endemic  species  of  some  notable  genera,  especially  in 
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relation  to  the  distribution  of  generic  types.  Foremost 
among  these  are  the  Baobabs  ( Adansonia ),  of  which, 
according  to  Baillon  (32),  there  are  several  species  in  the 
island,  so  that  the  solitary  tropical  African  species  and  the 
remote  Australian  one  may  be  regarded  as  outliers  of  a 
genus  having  its  greatest  concentration  in  Madagascar. 
There  is  evidence,  too,  that  the  insular  species  sometimes 
attain  very  large  dimensions  ;  a  trunk  with  a  diameter  of 
twenty-two  feet  at  six  feet  from  the  ground  being  on  record. 
The  characteristic  Kigelia  (Bignoniaceae),  on  the  other  hand, 
is  represented  by  one  species  in  Madagascar  and  several 
in  Africa.  Hibbertia  Aubertii  (Dilleniaceae)  is  a  solitary 
outlier  of  an  Australian  genus  numbering  upwards  of  fifty 
species,  with  three  or  four  others  in  Polynesia.  With  regard 
to  the  phyllodineous  Acacia  heterophylla ,  which  is  an 
Australian  type,  and  which  is  generally  considered  to  be 
indigenous  in  Bourbon  and  Mauritius,  Baron  enumerates 
it  among  the  introduced  cultivated  plants  in  Madagascar  ; 
and  Mr.  J.  G.  Baker  informs  me  that  he  is  now  convinced 
that  the  form  he  described  as  a  new  species  under  the 
name  of  xiphophylla  is  only  a  cultivated  state  of  A. 
heterophylla.  It  is  possible  that  there  is  still  something 
more  to  be  learnt  about  this  species,  as  it  is  hardly  dis¬ 
tinguishable  from  the  Hawaiian  A.  Koa.  Nepenthes  is  a 
noteworthy  essentially  Asiatic  genus  represented  in  Mada¬ 
gascar  by  one  species,  but  not  reaching  Africa.  The 
discovery  in  Madagascar  of  a  species  of  the  parasitic  genus 
Cytinus  is  of  more  than  ordinary  interest,  because  the 
present  distribution  and  relative  rarity  of  plants  of  this 
class  (and  also  saprophytes)  indicate  their  gradual  extinction. 
They  seem  to  have  disappeared  from  large  areas,  conse¬ 
quent  on  the  early  destruction  of  forests,  and  to  have 
survived  in  remotely  distant  localities,  where  the  conditions 
remained  favourable  to  their  existence.  Mr.  E.  G.  Baker 
describes  (33)  Cytinus  Baroni  as  differing  from  all  the 
other  species  of  the  genus  in  growing  on  the  trunks  of 
trees,  instead  of  on  the  roots  of  other  plants.  Cytinus  is 
closely  related  to  the  gigantic  Rafflesia  that  grows  on  the 
roots  of  vines  in  the  Malay  Archipelago.  Of  the  four 
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species  of  Cytinus  previously  known,  two  inhabit  Mexico, 
one  the  Mediterranean  region,  and  one  South  Africa,  thus 
offering  a  good  example  of  a  genus  of  widely  separated 
areas. 

Another  remarkable  discovery  is  described  (34)  by 
Baillon.  It  is  a  probable  saprophyte  ( Geosiris  aphylla ),  a 
member  of  the  Iridese,  and  the  only  one  at  present  known 
that  is  destitute  of  chlorophyll.  The  floral  structure  of  this 
plant  presents  no  anomalies,  but  being  of  a  dirty  yellow 
colour,  and  only  about  three  or  four  inches  high,  it  easily 
escapes  observation,  and  so  far  has  been  collected  by  only 
one  person,  and  in  only  one  locality. 

With  regard  to  palms  in  Madagascar,  expectations  have 
hardly  been  realised,  only  about  a  score  of  species  having 
been  recorded  ;  although,  as  Baron  says,  there  is  doubtless 
a  larger  number  in  the  island.  Palms  are  not  easily  col¬ 
lected,  and  specimens  are  troublesome  to  preserve  and 
carry  about ;  hence  we  may  expect  some  augmentation  of 
the  number  at  present  known,  though  it  is  evident  that 
they  are  not  numerous.  From  specimens  collected  by  Mr. 
Baron  and  preserved  at  Kew,  I  am  able  to  add  two  im¬ 
portant  genera  to  Durand  and  Schinz’s  enumeration  (20), 
namely,  Hyphcene  and  Phosnix ;  the  species  being  H.  cori- 
acea  and  P.  reclinata ,  both  of  which  also  inhabit  continental 
Africa.  The  former  is  a  palm  of  small  stature,  covering 
the  whole  face  of  the  country,  according  to  Baron,  in  some 
districts  on  the  western  side  of  the  island  ;  but  he  is  wrong 
in  supposing  it  to  be  endemic,  as  it  inhabits  Eastern  and 
Central  Africa,  from  Abyssinia  to  Natal  and  Cape  Colony. 
Raphia  Rufpa  is  another  palm  the  island  possesses  in 
common  with  continental  Africa.  Borassus  and  Elczis, 
two  specially  African  types,  are  not  known,  I  believe,  to 
occur  in  Madagascar  ;  and  the  large  Asiatic  genus  Calamus 
has  not  hitherto  been  found  in  the  island,  though  there 
is  one  endemic  species  in  Africa. 

At  the  time  of  the  publication  of  the  Flora  of  Mauritius 
(35)  almost  nothing  was  known  of  the  vegetation  of 
the  smaller  islands  and  groups  of  islands,  such  as  the 
Amirantes,  Aldebra,  Agalega,  Glorioso  and  others,  except 
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that  mangroves  and  coco-nut  palms  abounded  ;  and  com¬ 
paratively  little  was  then  known  of  the  flora  of  Madagascar. 
The  Seychelles  are  included  in  Baker’s  Flora ,  and  the 
absolutely  unparalleled  concentration  of  endemic  palms  in 
those  islands  was,  and  is,  the  most  remarkable  feature 
brought  to  light  in  the  vegetation  of  the  islands  of  the 
Indian  Ocean  ;  but  neither  the  subsequent  investigation  of 
many  of  the  smaller  islands,  nor  the  very  extensive  and 
general  exploration  of  Madagascar,  has  revealed  the  exist¬ 
ence  of  one  of  these  palms  outside  of  the  Seychelles  group. 
Two  or  three  other  plants  previously  only  known  to  in¬ 
habit  the  Seychelles,  or  Mauritius,  as  I  shall  presently 
show,  have  been  found  in  some  of  the  smaller  islands,  but 
not  one  of  the  palms.  About  half  of  the  Madagascar  palms 
belong  to  the  endemic  genera  Dypsis  and  Phloga,  and 
almost  all  the  other  species  are  endemic.  With  the  excep¬ 
tion  of  the  Cocoinese,  all  the  six  tribes  of  the  Palmse 
are  represented  in  the  islands  of  the  Indian  Ocean  ;  the 
tribe  in  question  being  present  only  by  the  cultivated  coco¬ 
nut  palm. 

A  still  more  prevalent  feature  than  palms  in  the 
vegetation  of  Madagascar  and  the  other  African  islands 
of  the  Indian  Ocean  are  the  screw-pines.  They  abound 
all  over  the  smaller  islands,  but  in  Madagascar  they  are 
more  specially  characteristic  of  the  lower  zone  of  vegetation. 
The  Pandanese,  or  screw-pines,  are  nearly  confined  to 
Polynesia,  Malesia,  the  East  African  islands  and  East 
Africa,  and  the  genus  Pandanus  itself  has  its  greatest  con¬ 
centration  of  species  in  the  Mascarene  Islands,  using  the 
term  in  its  widest  sense  ;  every  island,  or  group,  such  as 
Mauritius,  Bourbon,  Rodriguez  and  Seychelles,  having  its 
endemic  species.  Nearly  a  score  of  endemic  species  are 
known  to  inhabit  Madagascar,  and,  considering  that  they 
are  dioecious,  and  even  more  difficult  to  collect  than  palms, 
probably  this  number  by  no  means  exhausts  the  total.  It 
may  be  added  that  the  palms  and  screw -pines  of  the 
Seychelles  are  well  depicted  in  the  North  gallery  at  Kew. 
Another  point  connected  with  the  endemic  element  in 
the  Madagascar  flora  is  the  fact  that  much  more  than  half 
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of  the  genera  are  monotypic,  and  exceedingly  few  number 
half  a  dozen  species  ;  whereas  many  genera  of  almost  world¬ 
wide  distribution  are  represented  by  numerous  endemic 
species.  Examples  are  :  Hibiscus ,  Grewia ,  Vernonia ,  Heli- 
chrysum ,  Eciphorbia ,  Acalypha  and  Cyperus.  To  these  might 
be  added  examples  of  genera  essentially  of  the  African 
region,  of  which  there  are  numerous  species  endemic  in  the 
island,  namely,  Psorospenmim ,  Dombeya  and  A ngr cecum. 

Wallace  long  ago  pointed  out  the  rarity  of  masses  and 
stretches  of  colour  in  the  vegetation  of  the  Malay  Archi¬ 
pelago,  and  other  travellers  in  tropical  regions  have  been 
impressed  by  the  want  of  colour  as  compared  with  tem¬ 
perate  regions.  Mr.  Baron  says  of  Madagascar:  “There 
are  comparatively  few  plants  having  beautiful  flowers. 
There  are  no  meadows  anywhere  in  the  island  that  can  at 
all  compare  with  our  English  meadows  for  floral  beauty. 
Neither  do  the  forests  supply  what  is  lacking  in  the 
meadows.  Any  one  entering  a  Malagasy  forest  with  the 
anticipation  of  seeing  innumerable  beautiful  flowers  would 
be  utterly  disappointed,  for  they  are  extremely  rare.”  This 
does  not  imply  that  large  and  brilliantly  coloured  flowers 
do  not  exist — larger  and  more  brilliant  than  are  to  be  found 
at  home  perhaps  ;  but,  as  Baron  remarks,  they  have  to  be 
looked  for. 

Coming  to  the  “character  and  relationship  of  the  Mada- 
gascarian  flora,”  Baron  relies  mainly  on  Baker’s  details  and 
generalizations  (36),  which,  though  put  forward  some  fifteen 
years  ago,  still  hold  good,  and  indeed  have  been  strengthened 
by  subsequent  discoveries.  Briefly,  there  is  a  close  affinity 
between  the  tropical  flora  of  Madagascar,  Bourbon,  Mauritius 
and  continental  Africa,  with  a  few  isolated  Asiatic  types  in 
Madagascar  that  do  not  occur  in  Africa.  There  is  perhaps 
an  even  closer  relationship  between  the  upland  flora  of 
Madagascar  and  the  flora  of  the  mountains  of  tropical 
Africa  and  temperate  South  Africa.  Identical  species 
occur  in  Madagascar  and  the  mountains  of  the  most  distant 
parts  of  Western  Africa.  Noteworthy  among  these  species 
common  to  continental  Africa  are  Viola  abyssinica,  Geranium 
simense ,  Caucalis  melanantha  and  Agauria  salicifolia  ;  the 
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last  an  ericaceous  shrub,  common  to  the  mountains  of 
Bourbon  and  Eastern  and  Western  Africa.  Again,  many 
specially  African  genera  are  represented  by  different  species  in 
the  island  and  continent.  Mr.  Scott  Elliot’s  later  contribution 
to  the  botany  of  Madagascar  (8)  contains  descriptions  of  a 
large  number  of  new  species  and  two  new  genera,  with 
figures  of  some  of  the  more  striking  or  interesting  species 
collected  by  the  author,  chiefly  at  Fort  Dauphin,  in  the 
extreme  south-east  of  the  island.  There  is  nothing  of  a 

o 

highly  novel  or  peculiar  character  in  this  collection,  the 
large  majority  being  new  species  of  genera  spread  over  the 
whole  island.  Two  species  of  Tisonia  (Bixineae),  two  of 
Leptoloena  (Chlaenaceae),  Quivisia  grandd folia  (Meliaceae), 
Calantica  lucida ,  and  seven  species  of  Homalium  (Samy- 
dese)  ;  Leucosalpa  madagascariensis ,  a  new  genus  of 
Scrophularinese ;  Forsythiopsis  australis ,  and  Camarotea 
soutensis ,  a  new  genus  of  the  Acanthaceae  ;  and  upwards  of 
a  dozen  orchids,  are  the  most  noteworthy  of  this  collection. 
From  Mr.  Scott  Elliot’s  narrative  of  his  journey  (9),  from 
Antananarivo  to  Fort  Dauphin,  a  few  interesting  particulars 
may  be  gleaned,  but  there  is  no  attempt  at  a  complete 
description  of  the  vegetation  or  analysis  of  the  flora. 

From  the  foregoing  somewhat  disjointed  account  of  the 
flora  of  Madagascar,  it  is  evident  that,  although  it  contains 
a  large  endemic  element,  it  is  essentially  African ;  and 
every  extension  of  exploration  in  Eastern  Africa  brings 
further  proofs  of  the  close  connection. 

There  is  one  work  (37)  on  the  mountain  flora  of 
tropical  Africa,  with  full  particulars  of  the  distribution  of 
all  the  species,  that  I  had  almost  forgotten  to  refer  to,  yet 
it  contains  a  mass  of  information,  including  the  extensions 
to  the  islands. 

Hildebrandt’s  sketch  of  the  natural  history  of  the 
Johanna  Islands  (16)  is  of  the  most  general  kind,  and 
contains  no  botanical  facts  of  importance. 

I  have  mentioned  Rodriguez  in  some  of  my  com¬ 
parisons,  and  I  may  refer  (38)  to  the  latest  and  only  full 
description  of  its  flora.  With  regard  to  Bourbon,  which  is 
known  to  possess  a  strongly  endemic  flora,  the  only  con- 
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tribution  since  Maillard  (39),  containing  some  of  the  cellular 
cryptogams,  is  the  first  part  (40)  of  the  long  promised 
Flora.  It  contains  the  vascular  cryptogams,  and  includes 
197  species  of  ferns,  of  which  twenty-three  are  regarded 
as  peculiar  to  the  island. 

Since  the  publication  of  Baker’s  Flora  of  Mauritius 
some  of  the  outlying  islets  have  been  more  thoroughly 
explored,  with  interesting  results  ;  among  them  Round 
Island.  This  is  one  of  several  small  volcanic  islands  at 
the  north  end  of  Mauritius.  It  is  situated  about  thirteen 
miles  from  the  mainland,  rising  like  a  dome  out  of  the 
ocean  to  a  height  of  a  little  more  than  a  thousand  feet,  and 
is  a  mile  across  in  its  greatest  diameter.  Surgeon-Major 
Johnston  states  (41)  that  the  greater  part  of  the  surface  of 
the  island  is  composed  of  bare  rocks  of  volcanic  tuff,  from 
which  almost  all  the  soil  has  been  washed  away  into  the 
sea  by  heavy  rains.  From  a  distance  the  island  has  a  very 
barren  aspect,  its  steep,  brown,  rocky  sides  having  only 
small  clusters  and  scattered  individuals  of  palms  and  screw- 
pines  to  break  the  general  monotony  of  its  appearance. 
Palms  and  screw-pines  are  indeed  so  prominent  as  to 
appear  to  constitute  the  whole  of  the  arboreous  vegetation, 
though  small  trees  exist  of  the  genera  Terminalia  (Com- 
bretaceae)  and  Diospyros  (Ebenaceae).  There  are  three 
distinct  palms,  namely,  Latania  Loddigesii ,  Hyophorbe 
amancaulis  and  Dictyosperma  album.  All  three  are  com¬ 
mon  in  the  island,  and  the  second  is  not  known  to  exist 
elsewhere  in  a  wild  state.  The  only  screw-pine  ( Pandanus 
Vandermeerschn )  is  also  common  on  this  and  some  of  the 
adjacent  islets,  but  it  has  not  been  found  on  the  mainland. 
Major  Johnston  also  observed  several  plants  of  P.  utilis ; 
but  the  conditions  under  which  they  were  found  suggested 
the  probability  of  their  having  sprung  from  seeds  sown  by 
one  of  the  early  visitors.  Lomatophyllum  borbonicum 
(Liliaceae)  is  another  noteworthy  native  plant.  It  is  of 
tree-like  habit,  resembling  an  Aloe ,  and  inhabits  Mauritius, 
Bourbon  and  Aldabra. 

Altogether  about  forty  species  of  vascular  plants  are 
recorded  from  Round  Island.  Except  the  almost  certainly 
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introduced  sow-thistle  and  Ageratitm  conyzoides ,  no  Com- 
positae  inhabit  the  island  ;  and  a  tree  of  which  neither  the 
flowers  nor  fruit  is  known  is  the  only  probable  representa¬ 
tive  of  the  Feguminosae.  There  are  two  or  three  earlier 
accounts  of  the  vegetation  (41-44)  containing  some  interest¬ 
ing  particulars,  most  of  which,  however,  are  embodied  in 
Johnston’s  report. 

Some  of  the  more  distant  of  the  outlying  dependencies 
of  Mauritius  have  recently  been  more  or  less  explored. 
These  are  the  Agalega  and  Aldabra  Islands.  The  Agalega 
Islands,  in  about  iT  south  latitude,  are  still  botanically 
unknown,  but  some  particulars  of  their  size  and  vegetation 
are  given  in  an  official  report  (45),  of  which  there  is  a  copy 
in  the  Ivew  library.  It  is,  however,  improbable  from  their 
size  and  elevation  that  the  flora  contains  any  endemic 
element.  Agalega  Islands  are  two  in  number,  designated 
North  and  South  ;  the  former  about  five,  and  the  latter 
about  six,  miles  in  length,  connected  by  a  sand  bank. 
Casuanna,  and  coco-nut  trees  are  the  prominent  features  in 
the  arborescent  vegetation;  but  there  are  “other  trees,” 
concerning  which  no  more  is  said.  Yet  from  the  beginning 
of  the  century  the  coco-nut  has  been  extensively  cultivated, 
and  there  has  been  a  considerable,  and  the  only,  industry 
in  palm  oil.  But  these  islands,  though  nominally  English 
possessions,  are  practically  French,  being  owned  and 
worked  by  a  French  company. 

A  more  interesting  flora  is  that  of  Aldabra  Island, 
some  ten  degrees  west  of  the  Agalega  Islands. 

Aldabra  Island  has  long  been  famous  as  the  home  of 
the  gigantic  tortoise  (7 'estudo  elephantine?)  \  but  until  recently 
the  only  account  of  the  vegetation  was  to  the  effect  that  the 
shore  was  fringed  with  mangroves,  and  the  whole  surface 
covered  with  forest.  Such  is  not  now  the  case,  whatever 
it  may  have  been  in  earlier  years.  The  island  is  described 
as  about  30,000  acres  in  extent,  is  situated  to  the  north¬ 
west  of  Madagascar  in  90  30°  south  latitude,  and  presents 
no  greater  elevation  than  200  feet.  Dr.  W.  F.  Abbott,  an 
American  gentleman,  visited  the  island  early  in  1893,  and 
made  a  collection  of  “most  of  the  native  plants,”  which  he 
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presented  to  Kew.  In  a  letter  to  the  Director  (46)  he 
states  that  the  only  trees  now  in  Aldabra  are  casuarinas 
and  mangroves  ;  the  latter  some  of  the  largest  he  had  ever 
seen,  being  sometimes  as  much  as  eighteen  inches  in 
diameter,  and  fifty  to  sixty  feet  high.  This  is  indeed  an 
unusual  size  for  Rhizophora  mucronata ,  the  only  kind  of 
mangrove  in  the  collection  of  dried  plants.  “  Formerly,” 
he  continues,  “porcher  \Thespesia  populnea\  and  rosewood 
[ Cordia  subcordata  P]  grew  to  considerable  size,  as  shown 
by  decaying  stumps ;  now,  only  small  ones  exist.  On 
the  other  hand,  herbaceous  plants  are  exceedingly  scarce. 
Almost  the  entire  vegetation  consists  of  shrubs  of  from 
three  to  seven  feet  high.  But  the  soil  is  thin,  and 
the  drought  and  heat  often  excessive.”  He  adds  that  the 
most  conspicuous  plant  was  a  kind  of  Aloe?  This  proves 
to  be  Lomatophyllum  borbonicum ,  a  liliaceous  plant,  very 
similar  to  an  aloe,  but  differing  technically  in  having  a 
fleshy  fruit.  It  was  previously  only  known  to  inhabit 
Mauritius  and  Bourbon. 

The  collection  referred  to  above  has  been  worked  out 
at  Kew.  It  contains  several  interesting  plants  besides  the 
one  just  mentioned,  and  a  full  list  has  appeared  (47)  with 
descriptions  of  the  novelties  ; ,  the  latter  more  numerous 
than  would  have  been  expected  from  so  small  an  island 
with  so  slight  an  elevation.  It  is  necessary,  however,  to 
repeat  the  caution  that  further  exploration  of  the  nearest 
small  islands,  to  say  nothing  of  Madagascar,  may  lead  to 
the  discovery  of  some  or  all  of  them  beyond  Aldabra 
Island.  Mr.  J.  G.  Baker  describes  as  new  :  Grewia  alda- 
bre7isis  (Tiliaceae),  Pavetta  trichantha  and  Tricalysia 
cuneifolia  (Rubiaceae),  My r sine  cryptophlebia  (Myrsineae), 
Solanum  aldabrense  (Solanaceae),  Hypoestes  aldabrensis 
(Acanthaceae),  Clerodendron  minutiflorum  (Verbenaceae), 
Euphorbia  Abbottii  (Euphorbiaceae)  and  Ficus  aldabrensis 
(Moraceae).  Among  other  plants  specially  interesting  on 
account  of  their  distribution  are  :  Ochna  ciliata  (Mada¬ 
gascar),  Desmanthus  Commersonianus  (Madagascar),  Plum¬ 
bago  aphylla  (Madagascar  and  Europa  Island),  Astephanus 
arenarius  (Madagascar)  and  Ficus  nautarum  (Mauritius 
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and  Seychelles).  Altogether  fifty  species  of  vascular  plants 
were  collected  in  the  island. 

Mr.  Abbott  also  visited  many  other  islands  in  these 
seas,  notably  Providence,  Assumption  and  Glorioso.  He 
did  not  collect  plants,  but  was  of  opinion  that  the  last 
named  island  was  comparatively  rich  in  species.  Some 
few  particulars  respecting  the  plants  of  these  islands  were 
published  by  the  writer  (48),  in  relation  to  insular  floras 
generally.  The  only  point  of  interest  in  the  list  is  that  it 
corroborates  Abbott’s  opinion  that  the  Glorioso  group  is 
relatively  rich  in  species.  Though  probably  far  from  a 
complete  collection  of  the  flora  of  Du  Lise,  Roches, 
Providence,  Alphonse  and  other  smaller  islands,  it  contained 
the  following  trees  :  Calophyllum  I nop hy llum ,  Thespesia 
populnea ,  Morinda  citrifolia ,  Guet tarda  speciosa ,  Ochrosia 
borbonica ,  Cordia  sub  cor  data,  Hernandia  peltata  and  Ficus 
nautartim. 

Socotra  has  been  partially  explored  by  such  competent 
botanists  as  Dr.  I.  B.  Balfour  and  Dr.  Schweinfurth  ;  and 
the  former  has  published  (49)  the  results,  which  are  of  a 
highly  interesting  character.  The  island  had  previously 
been  visited  by  various  Europeans,  who  brought  away  a 
few  plants  ;  but  no  attempt  had  been  made  to  work  out 
even  these  few.  Dr.  Balfour’s  Botany  of  Socotra  forms  a 
bulky  volume,  and  includes  100  lithographed  plates  re¬ 
presenting  the  principal  novelties  collected  ;  yet  he  says  of 
the  flora  “  what  we  know  is  but  a  small  portion  of  what 
there  is  to  know  ”.  The  island  of  Socotra  is  traversed  by 
the  twelfth  parallel  of  latitude  and  the  fifty-fourth  meridian.  It 
is  between  seventy  and  eighty  miles  long,  and  averages  nearly 
twenty  miles  in  breadth,  with  limestone  plateaux  averaging 
1000  feet,  and  granitic  peaks  upwards  of  4000  feet  in  height. 
The  climate,  although  dry  for  a  considerable  part  of  the  year, 
contrasts  favourably  with  the  neighbouring  shores  of  Arabia 
and  Africa,  with  comparatively  moderate  heat.  Rather 
less  than  150  miles  from  the  African  coast,  and  rather  more 
from  the  Arabian,  it  has  a  distinctly  insular  character  of 
great  antiquity.  The  vegetation  of  the  dry,  sandy  plains 
of  the  coast  region  is  essentially  of  the  same  type  as  the 
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desert  regions  of  the  mainland,  consisting  largely  of  dwarf, 
stunted,  densely-branched,  often  spiny  and  hairy  shrubs. 
The  hill-slopes  and  valleys  present  a  much  more  vigorous 
and  luxuriant  growth,  composed  of  representatives  of 
genera  characteristic  of  the  tropics  of  the  Old  World  ;  but 
the  arboreous  element  is  limited  to  trees  of  small  stature, 
from  twenty  to  twenty-five  feet  high.  It  is  so  dense,  how¬ 
ever,  as  to  be  almost  impenetrable  in  places.  “  Once  out 
of  the  valley  and  upon  the  plateaux,  the  scene  is  quite 
different.  Wide  barren  stretches  of  grey  limestone,  or 
undulating  prairie-like  downs,  extend  on  every  side,  un¬ 
relieved,  save  by  an  isolated  Draccena  or  tree-euphorbia  of 
stiff  erect  habit,  looking  like  the  remnant  of  the  vegetation 
of  some  old  geological  epoch,  or  where  a  lake-like  de¬ 
pression,  with  its  brown  earth  sparingly  coated  with  green 
herbage,  often  of  rank  luxuriance,  intervenes.  And  when 
we  reach  the  higher  altitudes  on  the  granitic  range,  the 
vegetation  at  once  impresses  one  with  its  sub-temperate 
character.  The  arborescent  type  has  almost  entirely  dis¬ 
appeared.  Shrubby  composites,  such  as  species  of  Psiadia , 
Pluchea  and  Euryops ,  and  succulent  forms  of  Senecio  are 
found,  also  crowds  of  Helichrysum ,  many  of  them  strongly 
aromatic,  and  scenting  the  air  under  the  stimulating  sun- 
rays  ;  and  quaint  types  such  as  Thamnosma ,  Nirorathamnos , 
Graderia ,  CephaLocroton ,  Cocculus  Balfouni ,  and  others, 
are  frequent.  Twiggy,  narrow-leaved  herbs  form  a  dense, 
deep  carpet  on  the  soil,  interrupted  here  and  there  by  a 
protruding  lichen-covered  boulder,  and  for  all  the  world 
like  the  covering  of  heather  on  a  northern  moor;  whilst 
within  the  shade  of  the  boulders,  or  in  the  moisture  of  the 
overhanging  cliffs  in  the  ravines,  bright  green  herbs,  such 
as  Galium  and  Gypsophila ,  nestle  in  beds  of  liverwort  and 
moss.” 

It  is  in  the  middle  and  upper  zone  of  vegetation  that  a 
large  proportion  of  the  singular  endemic  types  exist.  A 
few  of  the  more  specially  interesting  and  curious  vegetable 
inhabitants  of  Socotra  deserve  brief  mention.  Cocculus 
Balfourii  (Menispermacese)  is  an  erect  densely  branched, 
rigid  shrub,  developing  both  broad  cladodes  and  leafy 
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branches  ;  the  only  instance  known  in  the  natural  order  to 
which  it  belongs.  As  Dr.  Balfour  remarks,  it  is  one  of  the 
most  remarkable  discoveries  of  the  expedition,  not  unlike 
Collett  cl  cruciata  ( Rhamnaceas^,  a  Chilian  shrub,  occasionally 
seen  in  gardens  in  this  country.  Lachnocapsa  (Cruciferm) 
is  an  endemic,  monotypic  shrub,  having  downy  cordate 
pods  so  like  the  thick  leaves  that  it  is  difficult  to  distinguish 
them.  Dirac  lima  is  another  extremely  interesting  endemic 
monotypic  genus,  which  Balfour  refers  to  the  Geraniacem, 
with  the  remark  that  it  appears  to  be  most  nearly  allied  to 
the  South  American  genera  Wendtia  and  Balbisia.  This  is 
one  more  of  the  unexplainable  isolated  remnants  of  plants 
of  American  rather  than  Asian  or  African  affinities,  cor¬ 
responding  to  similiar  anomalies  in  the  present  distribution 
of  animals.  Thamnosma  socotrana  (Rutacese)  belongs  to  a 
genus  peculiar  to  the  Mexican  region,  if  we  except  a  South 
African  plant  of  this  affinity  still  imperfectly  known. 
Coelocarpus  (Verbenaceae)  is  another  new  genus,  which  Bal¬ 
four  finds  most  nearly  allied  to  the  American  Citharexylum. 
In  this  connection  I  may  refer  to  the  turneraceous 
Mathurina  pendidi flora  (38),  an  arboreous  member  of  the 
order  inhabiting  Rodriguez,  whose  nearest  allies  are  in¬ 
habitants  of  Central  America.  Indeed,  there  is  very  little 
to  separate  Mathurina  from  the  American  Erblichia ,  and 


Hoffmann  (13)  describes  an  Erblichia  madagascariensis , 
which  is  also  arboreous,  and  evidently  congeneric  with  the 
Rodriguez  plant. 

Historically,  the  frankincense  and  myrrh  trees  of 
Socotra  are  of  more  than  ordinary  interest.  Most 
of  the  species — three  or  four  each  of  Boswetlia  and 
Balsamodendron  ( Commiphora ) — are  apparently  endemic, 
though  closely  related  to  members  of  the  same  genera 
inhabiting  Arabia  Felix  and  Somaliland. 

The  Leguminosse  are  numerically  the  strongest  order 
in  the  island  ;  but  the  only  one  calling  for  special  remark 
is  Priotropis  socotrana ,  which  is  closely  allied  to  the  only 
other  known  species,  P.  cytisoides ,  a  native  of  the  Eastern 
Himalaya  and  Khasia.  In  Punica  protopunica  we  have 
what  Dr.  Balfour,  probably  correctly,  regards  as  the  proto- 
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type  of  the  commonly  cultivated  and  widely  colonized 
pomegranate  ( P .  granatum).  The  essential  difference, 
briefly  stated,  is  the  absence  in  the  former  of  the  second 
tier  of  carpels,  which  is  characteristic  of  the  ordinary 
pomegranate,  regarded  by  some  botanists  as  an  abnormal 
development  and  a  product  of  cultivation.  The  leaves  are 
larger  and  coarser  than  those  of  the  cultivated  pomegranate ; 
the  flowers  smaller,  and  the  fruit  much  smaller.  It  is  a 
small  tree,  and  is  abundant  on  the  uplands.  Dendrosicyos 
socotrana  (Cucurbitacese)  is  singular  in  the  order  by  its 
arboreous  habit,  having  a  short,  thick,  fleshy  trunk,  some¬ 
times  a  yard  in  thickness.  Balfour  says  its  soft,  bare  and 
stout  stems,  surmounted  by  a  tuft  of  few  slightly  pendent 
branches,  give  it  a  fantastic  look,  possessed  by  only  one  or 
two  other  plants  in  the  island,  namely,  Adenium  multi - 
florum  (Apocynaceae)  and  Dorstenia  gigas  (Urticaceae)  ; 
the  former  of  which  is  an  exceedingly  odd-looking  plant, 
with  a  gouty  trunk  a  foot  or  two  high,  and  sometimes  as 
much  as  eight  feet  in  diameter.  Dendrosicyos  is  paralleled  in 
Rodriguez  (38)  by  the  arboreous  Mathurina  penduliflora 
(Turneraceae),  that  is,  in  being  a  tree,  but  not  in  obesity, 
for  it  has  slender  branches,  and  attains  a  height  of  twenty 
feet.  Its  nearest  ally  and  the  only  other  tree  in  the 
order,  besides  the  one  mentioned  above  from  Madagascar, 
is  Erblichia ,  a  native  of  Panama.  Nirarathamnos  (Um- 
belliferae)  is  a  very  marked  aromatic  dwarf  shrub,  inhabiting 
the  hills  at  an  altitude  of  4000  feet.  Socotora  ophylla  is  an 
endemic  monotypic  genus  of  the  Apocynaceae,  very  similar 
in  habit  to  an  Ephedra ,  and  having  coronal  appendages, 
and  the  floral  structure  generally,  more  like  an  asclepiad,  but 
wanting  the  pollen  corpuscles.  Several  sections  of  Euphorbia 
are  represented,  and  seven  out  of  the  ten  species  are  endemic. 
Most  of  them  belong  to  the  characteristic  African  section 
Tirucalli ,  which  extends  across  the  continent  to  the 
Atlantic  islands,  and  southward  to  Cape  Colony.  E. 
arbuscula  is  an  arboreous  species  of  candelabra-like  habit, 
very  similar  and  nearly  allied  to  the  Canary  Island  E. 
aphylla,  rising  to  a  height  of  twenty  feet.  E.  socotrana , 
belonging  to  the  section  Eremophyton ,  is  an  arboreous  leafy 
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species  of  about  the  same  dimensions.  The  last  I  have 
to  mention  individually  are  Dracczna  Cinnabori  and  Aloe 
Perryi,  two  of  the  most  interesting  plants  of  the  island, 
belonging  to  types  equally  prominent  in  the  Canary  Islands. 
These  plants  yield  the  Socotran  “Dragon’s  Blood”  and 
“Aloes”  respectively;  yet,  although  these  products  have 
been  articles  of  commerce  for  centuries,  the  trees  that 
yielded  them  were  unknown  botanically. 

Although  the  flora  of  Socotra  is  still  very  imperfectly 
known — perhaps  not  more  than  half  known  as  to  number 
of  species — nearly  600  species  of  flowering  plants  have 
been  collected,  and  after  making  a  considerable  deduction 
for  introductions  there  remain  some  500  indigenous  species, 
upwards  of  200  of  which  are  endemic,  or  at  least  have  not 
hitherto  been  found  out  of  the  island.  The  total  of  species 
given  above  represent  314  genera,  and  81  natural  orders. 
There  are  20  endemic  genera,  18  of  which  are  monotypic  ; 
and  of  the  genera  having  a  wider  range  136  are  represented 
by  endemic  species,  and  98  by  endemic  species  only. 
Such  are  the  principal  statistics  of  the  flora,  so  far  as  they 
are  ac  present  known.  The  proportions  of  the  various 
groups  and  subdivisions  offer  no  special  anomalies.  About 
seven  species  to  each  order  and  four  to  each  genus  is  rather 
low,  but  future  explorations  will  undoubtedly  raise  these 
numbers  ;  and  also,  probably,  as  Dr.  Balfour  suggests,  alter 
the  ratio  of  monocotyledons  to  dicotyledons,  because  both 
the  English  and  German  expeditions  botanized  at  a  season 
when  few  bulbous  plants  are  in  flower.  As  it  is  they  com¬ 
pose  100  out  of  565  flowering  plants,  or  17*6  per  cent., 
which  is  low  for  a  tropical  region,  though  not  for  a  tem¬ 
perate  one. 

Dr.  Balfour  has  tabulated  and  analysed  the  constituents 
of  the  Socotran  flora  in  a  most  elaborate  manner,  so  that  it 
is  possible  to  follow  its  relationships  generally  and  the 
affinities  of  the  endemic  forms.  Altogether  the  relationships 
are  much  more  strongly  African  than  Asian  ;  yet  it  is  also 
evident  that  South  Arabia  forms  part  of  a'  flora  common  to 
Socotra  and  Abyssinia,  with  wider  western  and  southern 
extensions  than  eastern.  But  there  are  some  specially 
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African  forms  still  lingering  as  far  eastward  as  Afghanistan, 
notably  the  very  distinct  genus  Finger huthio  (Gramineae), 
which  Dr.  Aitchison  found  in  abundance  (50)  in  the 
Kuram  valley.  We  regarded  it  as  the  same  as  the  extra- 
tropical  South  African  F.  africana ,  the  only  other  species 
of  the  genus  ;  but  Boissier  (51)  describes  it  as  a  new 
species  ;  on  exceedingly  slender  characters,  it  must  be  said. 
This  however,  though  an  extreme  example,  is  an  isolated 
one;  and  although  Schweinfurth  (52)  found  the  vegetation 
of  Western  Yemen  and  Abyssinia  almost  identical,  the 
affinities  of  the  floras  of  South  Arabia  and  Socotra  are  not 
nearly  so  strong  as  might  have  been  expected.  This  is 
evident  from  a  report  on  the  botany  (53)  of  Bent’s  Hadra- 
maut  expedition  of  1894. 

Balfour’s  table  on  the  ordinal  composition  of  the  phane¬ 
rogamic  flora  of  Socotra  reveals  some  interesting  facts. 
Leguminosse  stand  first  with  twenty-five  genera  and  fifty- 
three  species,  including  one  endemic  genus  and  sixteen 
endemic  species;  Graminae  second  with  twenty-eight  genera 
and  fifty-one  species,  one  endemic  genus  and  five  species 
followed  by  Composite  with  twenty-two  endemic  species  ; 
Acanthaceae  with  three  endemic  genera  and  twenty-one 
endemic  species,  out  of  a  total  of  twenty-seven  ;  Ascle- 
piadeae,  two  endemic  genera  and  eight  species  ;  and 
Scrophularineae  takes  the  sixth  place  with  twelve  genera 
and  thirteen  species,  including  one  endemic  genus  and  four 
endemic  species.  These  six  orders  combined  contribute 
1 16  genera,  201  species,  eight  endemic  genera,  and  seventy- 
six  endemic  species.  These  figures  speak  for  themselves, 
but  the  large  proportion  of  endemic  species  of  Compositae 
and  Acanthaceae  is  remarkable,  though  quite  in  harmony  with 
the  discovery  of  an  enormous  number  of  new  species  of 
this  order  by  recent  travellers  in  eastern  tropical  Africa. 
Orchideae  are  rare  in  most  islands,  even  in  those  of  moderate 
distance  from  continents  ;  due  probably  in  some  degree  to 
the  absence  of  favourable  conditions.  Habenaria  socotrana 
is  the  only  species  hitherto  discovered  in  Socotra,  where  it 
is  endemic,  and  probably  rare,  as  Balfour’s  party  met  with 
it  in  only  one  spot.  It  is  described  as  being  closely  allied 
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to  H.  attenuata ,  a  species  inhabiting  the  Cameroons,  West 
Africa,  at  an  elevation  of  over  7000  species.  Wellstedia 
socotrcina ,  figured  on  the  same  plate  as  the  Habenarict ,  is  a 
new  endemic  genus  of  anomalous  structure,  which  Balfour 
is  inclined  to  regard  as  an  aberrant  member  of  the 
Borragineae,  from  which  it  diverges  in  its  capsular  fruit, 
pendulous  ovules  and  an  embryo  with  accumbent  cotyledons. 

One  of  Balfour’s  most  detailed  tables  deals  with  the 
affinities  and  other  points  of  the  endemic  phanerogams  of 
the  flora  of  Socotra  ;  some  of  the  particulars  of  which  I 
have  already  given.  This  is  followed  by  a  table  showing  the 
distribution  of  the  genera  with  endemic  species,  and  several 
other  tables  which  it  is  unnecessary  to  designate.  The 
sum  of  these  facts  shows  that  the  flora  is  essentially  African  ; 
but,  apart  from  the  general  Asian  element,  there  are  forms 
which  have  “relations  only  in  restricted  districts  in  India, 
or  further  east,  but  which  have  no  connections  in  the  inter¬ 
mediate  regions  ”.  There  is  also  strong  evidence  that  it  is 
a  very  old  flora,  though  in  remote  antiquity  the  island  was 
joined  to  the  mainland  of  Africa ;  and  the  presence  of 
highly  specialized  African  types,  now  occurring  sporadically 
in  distantly  separated  situations  westward  to  the  Atlantic 
Islands  and  southward  to  the  Cape  of  Good  Hope,  together 
with  isolated  instances  of  exceedingly  rare  types  represented 
in  more  distant  countries  in  the  same  isolated  manner, 
strongly  support  the  view  of  an  earlier  tropical  African 
flora  than  the  present,  now  only  existing  in  widely  separated 
areas.  The  genera  Aloe ,  Droccena  (of  the  D.  Draco  group) 
and  cereus-like  species  of  Euphorbia  are  familiar  examples 
of  this  doubtless  very  ancient  flora. 

Schweinfurth  himself  says  on  this  point  (52),  that  out  of 
a  collection  of  790  species  of  vascular  plants  made  by  him 
in  the  northernmost  part  of  the  Abyssinian  highlands,  in  1891, 
half  had  been  collected  by  him  in  Arabia  the  previous  year; 
whilst  three-fourths  of  the  remaining  half  of  his  Arabian 
collection  had  been  found  by  other  collectors  in  some  part 
of  Abyssinia.  According  to  this  rough  computation  at 
least  seven-eighths  of  the  species  are  common  to  both  sides 
of  the  Red  Sea. 


472 


SCIENCE  PROGRESS . 


The  small  island  of  Perim,  situated  at  the  entrance  to 
the  Red  Sea,  was  partially  botanized  by  Professor  J. 
Bretland  Farmer,  who  spent  a  few  hours  on  shore  in  July, 
1891.  He  collected  specimens  of  eleven  species  of  flower¬ 
ing  plants,  which  he  presented  to  the  Kew  Herbarium  ;  and 
as  there  appears  to  be  no  previous  account  of  the  vegetation 
of  the  island  the  names  of  the  plants  with  his  notes  thereon 
are  here  given.  The  island  is  slightly  elevated  above  the 
level  of  the  sea,  and  is  barren  to  the  last  degree;  at  least  at 
the  season  he  visited  it.  Its  undulating  surface  is  covered 
with  boulders,  except  in  the  sandy  bays,  and  he  understood 
there  were  no  fresh-water  springs  ;  but  as  he  had  not  time 
to  explore  the  whole  island  he  was  unable  to  confirm  this 
from  personal  observation.  The  plants  collected  are : 
Cleome  br  achy  carp  a,  Cor  chorus  Antichorus ,  Zygophyllum 
album ,  A.  simplex ,  Triant hema  crystallina ,  Cassia  obovata , 
Statice  axillaris ,  Glossonema  Boveanum ,  Cornulaca  Ehren- 
bergii ,  Euphorbia  gr a nulata  and  EEluropus  arabicus.  With 
three  or  four  exceptions,  these  plants  range  from  the  Cape 
Verd  Islands  across  tropical  Africa  and  Arabia  to  Afghanis¬ 
tan,  or  North-West  India,  and  two  or  three  have  an  even 
wider  distribution.  Most  of  the  plants  were  collected  in 
the  sandy  bays,  and  a  glance  at  the  list  is  sufficient  to  give 
one  an  idea  of  the  character  of  the  vegetation.  Of  the 
shrubby  plants  the  Statice  was  the  largest,  forming  bushes 
two  to  three  feet  high  at  the  most.  It  is  a  remarkable 
species,  having  short,  narrow  fleshy  leaves  ;  and  it  has  been 
found  in  Upper  Egypt,  Somaliland,  Socotra  and  Arabia 
Felix.  Cleome  brae  ky  car  pa,  a  slender  annual,  Zygophyllum 
album  and  Euphorbia  granulata  were  the  only  really  com¬ 
mon  plants ;  the  Cassia ,  an  herbaceous  species,  and  the 
Corchorus  were  frequent,  but  small.  Of  the  rest  only  a 
solitary  plant,  or  very  few  individuals,  were  seen.  One  of 
the  most  singular  plants  is  the  only  grass  met  with 
( ZEluropus ) ;  a  few  tufts  of  which  were  found  growing 
where  the  boulders  bordered  on  the  sand.  This  grass  is 
common  in  some  places  near  Aden,  and  is  remarkable  for 
its  short,  rigid,  sharply-pointed  leaves,  resembling  spines. 
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I  T  may  be  considered  unlikely  that  any  of  the  dextrins 
are  to  be  regarded  as  true  reserve  materials.  Where 
they  occur  they  are  to  be  rather  associated  with  the  hydro¬ 
lysis  of  starch  and  only  very  transitory,  ultimately  becoming 
transformed  into  sugar,  probably  maltose.  They  may  be 
detected  by  giving  a  purple  or  reddish-brown  colour  with 
iodine,  as  starch  gives  a  blue  one.  It  is  not  difficult  to 
detect  dextrin  in  pollen  tubes  and  to  a  less  extent  in  the 
germinating  pollen  grain  from  which  the  tube  proceeds. 

Certain  bodies  giving  a  somewhat  similar  colour  with 
iodine  have  been  noticed  by  Gris  (33)  and  others  in  the 
young  cotyledons  and  the  first  leaves  of  Ricinus.  While 
resembling  dextrin  in  this  respect  it  is  more  likely  that 
these  are  starch  grains  in  course  of  formation,  the  colour 
agreeing  with  the  observations  of  Eberdt,  already  referred 
to. 

The  study  of  the  sugars  as  reserve  materials  is  beset 
with  a  good  deal  of  difficulty.  There  is  no  doubt  that  a 
very  great  variety  of  these  bodies  can  be  ascertained  to 
exist  in  various  plants,  and  that  a  great  many  of  them  may 
be  looked  upon  as  belonging  to  the  circulating  rather  than 
the  reserve  pabulum.  Still  there  remain  many  deposits  of 
sugar  which  must  be  regarded  as  referable  to  the  latter 
category.  The  forms  in  which  sugar  most  generally  exists 
in  plants  are  no  doubt  glucose,  maltose,  laevulose,  and  cane- 
sugar.  There  are  many  others,  but  they  exist  in  smaller 
quantities  and  only  in  particular  plants.  Raffinose  has 
been  shown  by  O’Sullivan  (34)  to  be  present  in  small 
quantities  in  the  ungerminated  barley  grain,  and  it  can  be 
shown  that  it  is  available  for  the  nutrition  of  the  embryo, 
though  its  nutritive  value  is  on  the  whole  small. 

Perhaps  most  interest  centres  in  the  role  played  by 
cane-sugar  ;  it  is  best  known  as  occurring  in  quantity  in 
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the  shoots  of  the  sugar  cane  and  in  the  fleshy  root  of  the 
beet,  which  are  the  two  sources  of  the  sugar  of  commerce. 
But  there  is  a  considerable  body  of  evidence  pointing  to  its 
being  the  most  immediately  available  form  of  nutritive 
sugar,  though  it  is  apparently  not  the  form  most  prominent 
in  the  circulating  carbohydrates.  Brown  and  Morris  (35) 
in  a  paper  already  quoted  indicate  a  probability  that  it  is 
the  first  formed  sugar  in  the  processes  of  constructive  meta¬ 
bolism,  and  constitutes  the  first  reserve  product  on  which 
the  cells  of  the  leaf  feed.  In  such  cases,  what  is  formed 
beyond  the  immediate  need  of  the  cells  is  transformed  into 
the  more  stable  form  of  starch,  as  already  described.  Its 
nutritive  value  seems  to  be  higher  than  that  of  any  other 
sugar  found  in  the  vegetable  tissues.  Brown  and  Morris 
cultivated  young  excised  barley  embryoes  in  a  2  per  cent, 
solution,  and  found  that  the  growth  they  showed  was  almost 
equal  to  that  they  displayed  when  grown  on  the  natural 
endosperm  of  the  barley  grain.  In  a  4  per  cent,  solution 
even  greater  growth  was  noticeable,  but  a  greater  concen¬ 
tration  did  not  give  good  results.  Cane  sugar  exists  as 
such  in  the  ungerminated  barley  grain  as  proved  by  Ktihne- 
mann  (36)  in  1875,  and  Brown  and  Morris  showed  that 
during  germination  the  quantity  was  increased  threefold. 
It  appears  further  from  their  researches  that  the  increased 
amount  is  derived  from  maltose  by  the  activity  of  the 
growing  tissue  of  the  embryo. 

Cane  sugar  in  the  leaf  has  been  indicated  as  the  im¬ 
mediate  forerunner  of  the  starch  deposited  in  the  chloro- 
plastids.  Aime  Girard  (37)  has  shown  that  the  formation 
of  starch  in  the  tuber  of  the  potato  is  dependent  on  the 
previous  existence  of  cane  sugar  in  the  juices  of  the  plant. 
Lepley  (38)  has  shown  that  the  starch  of  the  maize  is 
dependent  on  the  same  appearance  ;  and  Balland  (39) 
has  demonstrated  the  same  thing  in  the  case  of  wheat. 
Brown  and  Morris  have  satisfied  themselves  that  cane  sugar 
forms  a  large  proportion  of  the  sugars  existing  in  the  sap 
of  the  plant  of  barley  during  the  various  stages  of  its  growth, 
and  that  this  cane  sugar  disappears  part  passu  with  the 
formation  and  accumulation  of  starch  in  the  seed. 
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Not  only  does  the  cane  sugar  thus  appear  to  be  con¬ 
nected  immediately  with  the  deposition  of  starch  but  it 
seems  also  to  be  the  form  which  is  most  closely  associated 
with  the  ultimate  nutritive  processes.  The  investigation 
of  the  germinating  barley  grain  shows  that  while  the  total 
quantity  of  it  increases  during  germination,  the  greatest  in¬ 
crease  is  found  in  the  young  embryo  and  not  in  the  endo¬ 
sperm. 

Another  carbohydrate,  more  resembling  starch  than 
sugar,  is  the  inulin  which  can  be  obtained  from  the  roots 
and  tubers  of  a  section  of  the  Composite.  Inulin  in  these 
parts  exists  in  solution  in  the  sap,  but  it  can  readily  be 
made  to  crystallise  out  by  the  application  of  alcohol.  It  is 
considered  to  stand  in  the  same  relation  to  lsevulose  as  ordi¬ 
nary  starch  does  to  maltose,  yielding  that  form  of  sugar  on 
hydrolysis.  The  transformation  in  the  plant  is  effected  by 
a  special  ferment  or  enzyme,  which  exists  in  the  tissue  when 
metabolism  is  active  (40).  The  course  of  hydrolysis  pro¬ 
ceeds  much  as  in  the  case  of  starch,  an  intermediate  body 
being  formed  which  appears  to  correspond  to  the  dextrin 
already  described.  It  is  interesting  to  note  that  starch  does 
not  occur  in  those  parts  where  inulin  is  present. 

In  many  plants  carbohydrate  .  reserve  materials  are 
found  to  take  the  form  of  considerable  thickening  of 
the  cell  walls.  That  these  are  really  deposited  with  a 
view  to  subsequent  utilisation  is  evident  from  a  study  of 
the  seeds  of  many  palms,  the  endosperms  of  which  consist 
of  little  else  ;  the  cavities  of  the  cells  being  almost  oblite¬ 
rated,  and  the  small  space  that  is  left  between  the  thickened 
walls  containing  apparently  nothing  but  a  small  amount  of 

protoplasm,  with  which  some  amorphous  proteid  matter  is 
mixed. 

d  hat  the  cell  walls  yield  nutritious  matter  on  germina¬ 
tion  of  the  seed  can  be  readily  seen  by  microscopic  exa¬ 
mination  of  the  endosperm  as  soon  as  the  young  embryo 
has  started  its  growth.  The  cell  walls  are  then  found  to 
be  gradually  corroded  from  the  line  of  contact  with  the 
embryo,  a  corrosion  which  is  progressive  and  continuous  so 
long  as  the  latter  remains  in  contact  with  the  endosperm. 
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It  has  been  observed  moreover  in  the  germination  of  the 
seeds  of  several  grasses,  where  a  special  provision  for  its 
utilisation  has  been  found  to  exist  in  the  form  of  a  special 
enzyme.  The  usual  store  of  cellulose  need  not  necessarily 
be  a  thickening  of  the  cell  wall,  for  the  original  wall  itself 
is  used  up  as  the  embryo  grows. 

When  cell  walls  are  thickened  for  the  use  of  the 
embryo,  as  in  the  cases  mentioned,  the  thickening  is  often 
considerably  modified  in  its  chemical  composition,  although 
retaining  a  close  relationship  to  cellulose.  Reiss  (58)  and 
E.  Schulze  (59)  have  described  two  particular  substances 
of  this  character,  Reiss  naming  the  first  reserve-cellulose, 
and  Schulze  giving  the  name  “  paragalactan  compounds” 
to  the  second.  The  latter  have  also  been  called  hemi- 
celluloses ;  they  are  converted  into  glucose  and  dissolved 
by  hot  dilute  mineral  acids,  which  do  not  affect  cellulose 
proper. 

Reiss’s  body  exists  in  the  endosperm  of  Phoenix  dacty- 
lifera ,  Phytelephas,  and  other  palms.  On  hydrolysing  it 
with  sulphuric  acid  there  is  first  formed  a  compound  corres¬ 
ponding  to  dextrin,  but  laevo-rotatory.  This  is  followed  by 
a  sugar,  which  is  dextro-rotatory,  reduces  Fehling’s  fluid, 
and  is  capable  of  fermentation.  To  this  sugar  the  name 
seminose  has  been  given  ;  it  forms  with  phenylhydrazin 
acetate  a  compound  which  is  crystalline.  Reserve  cellulose 
cannot  be  distinguished  by  microchemical  reactions  from 
ordinary  cellulose. 

Schulze  has  investigated  Reiss’s  body  and  includes  it 
under  the  name  mannose  among  his  hemicelluloses. 

Paragalactan  occurs  in  the  thickened  wall  of  the  cells 
of  the  embryo  in  certain  Leguminosae.  It  yields  on 
oxidation  mucic  acid  ;  on  heating  with  dilute  sulphuric  acid, 
galactose,  and  a  pentaglucose.  When  heated  with  phloro- 
glucin  and  hydrochloric  acid  it  gives  a  red  colour,  but  not 
in  the  cold  as  lignin  does.  It  is  hydrolysed  into  sugar  by 
1  per  cent,  hydrochloric  or  sulphuric  acid,  and  is  not 
coloured  blue  by  chloriodide  of  zinc. 

The  accumulations  of  mucilage  in  definite  areas  or 
layers  in  certain  seeds  seem  to  have  the  same  purpose  as 
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these  cellulose-reserves.  The  cell  wall,  thus,  as  well  as 
the  cavities  of  the  cells  must  be  examined  carefully,  in 
estimating  the  carbohydrate  reserve  materials. 

During  the  last  few  years  a  great  deal  of  research  has 
been  directed  to  ascertaining  exactly  what  is  the  composi¬ 
tion  of  this  cell-membrane,  and  it  has  resulted  in  establish¬ 
ing  clearly  that  instead  of  this  being  fairly  uniform  in  its 
composition,  and  consisting  of  cellulose,  and  the  products 
of  its  decomposition,  it  is  an  extremely  complex  substance, 
varying  in  different  cases  and  usually  containing,  besides 
cellulose,  a  certain,  often  considerable,  amount  of  substances 
till  recently  somewhat  crudely  described  as  pectic  bodies. 

The  investigation  of  these  latter  is  not  a  new  departure. 
Long  ago  Fremy  studied  them  carefully  as  far  as  the 
chemistry  of  his  time  would  permit,  and  he  has  described 
certain  of  them  which  he  found  to  exist  in  the  pulp  of 
certain  fleshy  roots,  particularly  those  of  the  carrot  and  the 
beet.  Fremy  (41)  pointed  out  that  some  substance  which 
he  named  pectose  existed  in  the  cell  wall  side  by  side  with 
cellulose,  and  spoke  of  its  conversion  by  the  action  of  a 
special  enzyme  into  two  gelatinous  bodies,  to  which  he  gave 
the  names  of  pectosic  and  pectic  acids.  These  were  the 
result  of  the  hydrolysis  of  pectose  and  differed  from  each 
other  in  the  amount  of  water  they  severally  contained. 

In  more  recent  years  these  pectic  bodies  have  been  the 
subject  of  several  papers  by  Mangin  (42),  who  has  made 
extended  investigations  into  their  occurrence  in  almost  all 
the  larger  groups  of  the  vegetable  kingdom.  He  finds 
them  in  Algae,  Fungi,  Mosses,  Vascular  Cryptogams  and 
Phanerogams,  in  most  organs  and  in  most  diverse  plants. 

As  the  result  of  his  work,  we  may  say  that  at  least 
four  definite  bodies  may  be  prepared,  which  have  been 
by  the  older  writers  included  vaguely  in  the  one  term 
pectic  bodies.  These  may  be  divided  into  two  groups 
or  series  of  bodies,  for  there  seem  to  be  probably  in¬ 
termediate  ones  between  those  clearly  established ;  the 
two  series  differing  from  each  other  in  that  one  con¬ 
sists  of  neutral,  the  other  of  acid  ones.  The  reason  for 
supposing  that  intermediate  members  of  each  series  exist 
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is  that  the  two  members  of  each  merge  into  one  another 
very  gradually  ;  in  fact,  each  series  suggests  several  different 
substances,  presenting  a  number  of  gradations  from 
absolute  insolubility  in  water  to  complete  solubility,  through 
gelatinous  states  characterised  by  the  power  of  absorbing 
different  quantities  of  water,  and  showing  various  degrees 
of  swelling  in  consequence. 

The  neutral  series  includes  pectose  proper,  which  is  the 
body  associated  most  generally  in  cell  wall  with  cellulose. 
It  is  not  found  in  such  cell  walls  as  have  been  modified 
by  incrustation  or  impregnation  with  lignin  or  suberin. 
It  is  insoluble  in  water  or  in  ammonia-cupric  oxide,  by 
which  reagent  it  can  be  separated  from  cellulose. 

The  second  body  of  this  group  is  pectine,  which  is  soluble 
in  water  and  readily  forms  a  jelly.  It  swells  up  at  once  on 
the  addition  of  water,  yielding  a  viscid  liquid,  which  filters 
with  difficulty  and  speedily  gelatinises.  This  seems  to  be 
the  body  Fremy  found  in  many  ripe  fruits;  Mangin  has 
detected  it  in  many  of  the  so-called  mucilages. 

The  acid  series  includes  two  forms,  of  which  the  first  is 
described  as  pectic  acid.  This  is  very  insoluble  ;  it  is  found 
in  the  tissues  usually  combined  with  alkaline  earthy  bases, 
forming  often  pectate  of  calcium.  The  second,  the  most 
stable  of  them  all,  is  metapectic  acid,  is  soluble  in  water, 
but  is  capable  of  gelatinisation. 

The  two  series  are  closely  related  to  each  other  ;  under 
the  action  of  heat,  acids,  and  alkalis,  we  can,  starting  from 
pectose  obtain  all  the  neutral  and  acid  intermediate  bodies 
up  to  metapectic  acid. 

Pectose  is  the  most  unstable  ;  the  chemical  reagents  used 
to  prepare  it  easily  transform  it  either  into  pectine  or  into 
pectic  acid.  Even  the  ammonio-cupric  oxide  solution  used 
to  separate  it  from  cellulose  rapidly  effects  the  transforma¬ 
tion  of  part  of  it. 

Pectine  can  be  prepared  in  quantity  from  the  roots  of 
the  carrot.  The  most  satisfactory  method  of  procuring  it 
has  been  described  by  Bertrand  and  Malliose  (43).  The 
pulp  of  the  carrots  is  pressed  and  boiled  for  fifteen  minutes 
to  free  it  from  the  enzyme  which  sets  up  gelatinisation,  and 
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filtered  on  a  hot  filter.  The  residue  is  then  macerated  for 
twenty-four  hours  in  2  per  cent,  hydrochloric  acid,  and 
pressed  dry.  The  acid  liquid  dissolves  the  pectine.  After 
filtration  an  equal  volume  of  strong  alcohol  is  added  and 
the  pectine  is  thereby  thrown  down  as  a  fiocculent  precipitate. 
This  is  gathered  on  to  a  filter  and  washed  with  alcohol  to 
which  2  per  cent  of  hydrochloric  acid  has  been  added.  To 
free  it  from  the  acid  it  is  then  dissolved  in  water  and  pre¬ 
cipitated  by  alcohol,  the  process  being  repeated  several 
times.  As  the  acid  disappears  the  pectine  becomes  more 
and  more  gelatinous,  and  will  ultimately  pass  over  into  a 
colloidal  state.  This  is  prevented  by  not  carrying  the 
washing  too  far,  but  neutralising  the  last  trace  of  acid 
with  a  weak  alkali. 

The  action  of  the  enzyme,  or  pectase,  described  by 
Fremy  as  producing  pectosic  and  ultimately  pectic  acid, 
seems  in  the  light  of  the  work  of  the  last  quoted  observers 
to  be  dependent  on  the  presence  of  a  small  quantity  of  a 
soluble  calcium  salt,  the  resulting  body  not  being  pectic 
acid,  but  its  calcium  compound.  The  clot  or  jelly  produced 
is  insoluble  in  weak  alkalis,  but  dissolves  readily  after  being 
macerated  in  weak  hydrochloric  acid,  and  the  solution  is 
found  to  contain  a  small  quantity  of  lime. 

The  application  of  the  lime  or  other  earthy  alkaline  salt 
in  the  coagulation  needs  careful  watching,  for  if  too  great  a 
quantity  be  added  other  gelatinous  pectinates  are  produced. 
They  can  be  distinguished  from  the  proper  coagulation 
product  by  being  treated  with  weak  hydrochloric  acid, 
which  displaces  the  pectic  acid  and  the  pectinate.  If 
only  the  latter  form  the  jelly,  everything  goes  into  solu¬ 
tion  ;  but  if  the  pectate  of  calcium  has  been  formed,  pectic 
acid  is  set  free  by  the  acid,  and  this  is  insoluble. 

Pectic  acid,  indicated  by  Fremy  as  the  ultimate  product 
formed  during  the  coagulation  or  gelatinisation,  is  the  oldest 
known  of  these  bodies  and  gives  the  most  distinctive  re¬ 
actions.  It  is  insoluble  in  water,  in  alcohol,  or  in  acids  ;  it 
forms  compounds  (pectates)  with  the  alkalis  which  are 
soluble  in  water,  and  others  with  the  alkaline  earths  which 
are  insoluble.  The  lime  salt  is  the  most  widespread  in 
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vegetable  tissues.  When  dissolved  in  alkaline  carbonates 
its  solutions  are  mucilaginous  and  hard  to  filter ;  when 
oxalate  of  ammonium  is  the  solvent  they  are  perfectly  fluid 
and  filter  with  ease. 

Metapectic  acid  has  been  identified  with  arabic  acid. 
It  has  an  acid  reaction,  is  soluble  in  water  and  forms  soluble 
salts  with  the  alkaline  earthy  bases,  differing  thus  from 
pectic  acid.  This  body  and  its  compounds  are  met  with 
very  frequently  in  living  tissues.  It  can  easily  be  prepared 
by  boiling  pectine,  or  pectic  acid,  with  excess  of  alkali. 

When  heated  with  sulphuric  acid  Schreibler  (44)  says 
it  splits  into  an  organic  acid  and  a  dextro-rotatory  sugar, 
which  crystallises  in  beautiful  prisms  and  is  identical  with 
arabinose.  It  may  therefore  be  a  glucoside. 

These  pectic  bodies  differ  thus  materially  from  the 
cellulose  with  which  in  cell  walls  they  are  so  closely 
associated.  Like  the  latter  they  can  be  claimed  as  re¬ 
serve  materials,  from  the  localities  of  their  occurrence  and 
their  ultimate  transformations.  The  relation  in  which  they 
stand  to  cellulose  on  the  one  hand  and  to  such  carbohy¬ 
drates  as  starch  on  the  other  is  not  very  clear.  Probably 
they  had  best  be  regarded  as  forming  a  third  group  by 
themselves,  approaching  rather  the  gums  and  mucilages. 
Indeed,  many  of  the  reactions  which  they  show  have  for  a 
long  time  been  described  as  those  of  a  certain  number  of 
the  latter. 

Mangin  has  published  a  considerable  number  of  re¬ 
actions  with  different  staining  fluids  which  are  distinc¬ 
tive  of  the  pectic  bodies,  and  enable  their  distribution  in 
the  cell  wall  to  be  ascertained  with  fair  accuracy.  They 
are  of  course  only  suitable  for  micro-chemical  determina¬ 
tion.  The  best  of  them  are  neutral  or  slightly  acid 
solutions  of  phenosafranin,  methylene  blue,  Bismark  brown, 
fuchsin,  and  methyl  violet  B.  They  stain  the  pectic 
bodies,  as  well  as  lignified  and  suberised  membranes, 
but  the  colour  can  be  washed  out  from  the  latter  in  alcohol, 
glycerine,  or  acids.  Further  distinction  between  these  two 
groups  can  be  drawn  by  using  other  stains  which  act  in  the 
reverse  manner,  leaving  the  pectic  bodies  uncoloured  while 
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they  stain  the  lignified  and  suberised  ones.  Such  colours 
are  acid  green,  acid  brown,  nigrosin,  and  indulin.  It  is 
possible  by  appropriate  treatment  with  these  two  groups  of 
stains  to  obtain  double-stained  preparations  of  such  cell 
walls. 

Mangin  also  describes  the  action  of  certain  staining 
reagents  which,  while  staining  pure  cellulose  and  the  callus 
of  sieve  tubes,  leave  pectic  bodies  colourless.  Such  are 
orseille  red  A,  naphtol  black,  Congo-red,  azo-blue,  and 
benzo  purpurin. 

Apart  from  their  behaviour  to  stains  we  find  a  marked 
difference  from  cellulose  in  the  reaction  of  the  pectoses  to 
ammonio-cupric  oxide  solution,  in  which  they  are  altogether 
insoluble.  They  are  not  stained  blue  or  violet  with  iodine, 
even  in  the  presence  of  sulphuric  acid  or  of  the  metallic 
chlorides.  When  warmed  with  dilute  nitric  acid  they  are 
slowly  oxidised  to  mucic  acid,  which  can  be  recognised  by 
its  characteristic  crystals,  whereas  the  cellulose  bodies  under 
similar  conditions  give  rise  to  oxalic  acid. 

Their  relations  to  gums  has  been  investigated  by 
Giraud  (45)  who  says  that  some  of  the  latter  contain  con¬ 
siderable  amounts  of  them,  one  yielding  more  than  half 
its  weight  of  a  body  insoluble  in  water,  apparently  identical 
with  Fremy’s  pectose.  It  may,  indeed,  be  that  gums  may 
be  derived  from  these  pectic  bodies  present  in  the  cell 
wall,  and  not  the  result  of  cellulose  degeneration. 

The  distribution  of  oily  reserved  materials  is  very 
varied,  though  as  in  so  many  other  cases  the  seed  is  the 
most  general  place  of  deposition.  Many  seeds,  as  that  of 
the  castor  oil  plant,  contain  as  much  as  60  per  cent,  of  their 
dry  weight  of  oil,  which  is  non-volatile.  Others  contain  as 
little  as  2  per  cent.,  and  between  these  limits  very  varying 
amounts  may  be  found.  When  the  oil  is  in  great  prepon¬ 
derance  often  no  other  form  of  carbonaceous  reserve 
material  is  present ;  in  cases  where  but  little  oil  occurs 
starch  is  usually  found  as  well,  as  in  so  many  of  the 
Leguminosae.  The  Cruciferae  as  a  group  often  contain  oil 
in  fairly  large  quantity.  As  a  rule  nitrogenous  reserves 
in  the  shape  of  aleurone  grains  accompany  the  oil. 
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In  other  places  than  seeds  large  deposits  of  oil  often 
occur,  though  their  purpose  is  not  so  obvious.  We  have 
them  in  large  amount  in  the  pericarps  of  certain  fruits, 
such  as  the  olive;  in  the  petals  of  many  flowers,  e.g, 
Funkia  and  Ornithogalum,  in  the  leaves  of  some  of  the 
Agaves,  the  roots  of  Oncidium,  etc.,  etc.  They  can 
hardly  be  regarded  in  some  cases  as  truly  reserve  materials, 
being  perhaps  more  truly  connected  with  the  mechanisms 
of  dispersion. 

In  places  where  their  reserve  character  cannot  be 
doubted,  it  is  interesting  to  trace  the  changes  that  take 
place  in  them  during  the  process  of  utilisation  by  the 
young  plant.  In  all  the  cases  we  have  so  far  investigated, 
but  a  slight  change  in  the  reserve  material  has  been  seen 
to  be  necessary  in  order  that  a  nutritive  pabulum  may  be 
prepared.  The  composition  of  an  oil  or  fat  is,  however, 
much  more  complex,  and  its  decomposition  accordingly 
more  intricate. 

The  earlier  workers  in  this  field,  noticing  the  constant 
occurrence  of  starch  in  all  germinating  structures,  seem  to 
have  been  led  to  the  view  that  this  form  is  essential  to 
nutrition,  and  that  hence  it  must  inevitably  occur  as  a  stage 
in  the  decomposition  of  all  carbonaceous  food  material.  Even 
in  the  digestion  of  oil  this  idea  has  been  prominent.  In 
1859  Sachs  (46)  noticing  the  occurrence  of  starch  in  the 
young  embyro  of  a  fatty  seed,  suggested  that  the  oil  was 
in  the  first  instance  transformed  into  starch,  though  he 
admitted  that  it  was  very  surprising.  In  1861  Peters  (47) 
endorsed  the  view  of  Sachs,  publishing  in  support  of  it  a 
number  of  analyses  of  the  oily  seed  and  seedling  of  the 
pumpkin  during  three  stages  of  germination. 

More  reasonable  views,  however,  soon  superseded  this ; 
in  1865  Fleury  (48)  working  on  the  castor-oil,  rape,  and 
almond  seeds,  pointed  out  a  much  more  probable  connec¬ 
tion  between  oil  and  sugar,  and  showed  that  as  the  oil 
disappears  in  germination  sugar  is  to  be  found,  and  that 
associated  with  the  same  events  there  is  the  coincident 
appearance  of  a  non-volatile  acid.  Von  Hellriegel  (49)  has 
argued  in  the  same  way  with  regard  to  rape  seed,  denying 
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the  necessity  of  the  occurrence  of  starch  as  an  intermediate 
product.  He  takes  the  matter  somewhat  further  by  show¬ 
ing  that  the  utilisation  of  oily  reserves  is  attended  by 
oxidative  products,  Co2  being  evolved  during  the  whole 
period.  Godlewski  (50)  shows  that  the  absorption  of 
oxygen  is  about  equal  to  the  evolution  of  Co2  till  the  radicle 
protrudes  from  the  seed,  and  that  then  it  increases  till  it  is 
in  excess  of  the  latter  interchange,  remaining  so  as  long 
as  there  is  fat  or  oil  in  the  germinating  seed. 

These  experiments  point  to  the  utilisation  of  the  oily 
reserves  being  due  to  a  series  of  changes  much  more 
complex  than  the  simple  hydrolysis  of  starch  or  splitting 
up  of  proteid. 

The  writer  in  1890  published  the  results  of  some  investi¬ 
gations  into  the  germination  of  the  castor-oil  seed  (51),  in 
which  he  endeavoured  to  trace  the  course  of  events  during 
the  whole  time  of  germination  up  to  the  time  where  the 
albumin  was  entirely  used  up.  Starting  from  the  results 
already  described,  and  noting  incidentally  Schulzenberger’s 
(52)  suggestion  of  a  fat  splitting  enzyme  as  probably  present, 
the  following  course  of  events  was  found  to  be  probable. 
The  oil  is  by  a  ferment  split  up  into  fatty  acid  and  glycerine  ; 
the  ferment  can  be  isolated  from  the  germinating  seeds  and 
can  be  made  to  act  upon  an*  emulsion  of  the  oil  in  an 
artificial  digestion  apparatus,  giving  sufficient  quantity  of 
both  these  products  for  satisfactory  identification.  The 
glycerine  cannot  be  detected  in  the  cells  of  the  tissue, 
disappearing  as  fast  as  formed.  The  fatty  acid  can  be 
readily  extracted,  being  taken  up  freely  by  dilute  alkalis. 
The  quantity  increases  up  to  about  the  fourth  or  fifth  day, 
then  gradually  diminishes  as  the  antecedent  oil  gets  less 
and  less  in  amount  till  they  both  disappear,  the  fatty  acid 
being  however  a  little  longer  in  evidence. 

At  this  point  enzyme  action  stops  ;  the  decompositions 
initiated  by  it,  however,  go  on.  The  disappearance  of  the 
glycerine  is  attended  by  a  constant  appearance  of  sugar, 
and  it  is  probable  that  the  latter  is  the  form  in  which  this 
moiety  of  the  oil  is  made  available  for  nutrition.  Many 
observers  have  shown  the  close  relations  between  glycerine 
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and  sugar ;  from  our  own  standpoint  perhaps  the  most 
stress  may  be  laid  on  Brown  and  Morris’s  (35)  experiments 
on  feeding  barley  embryoes  ;  one  material  which  led  to  the 
formation  of  carbo-hydrate  in  their  tissues  being  glycerine. 
The  fatty  acid  at  the  same  time  undergoes  a  decomposition 
into  simpler  forms  which  are  capable  of  dialysis.  An  acid 
of  this  kind  can  be  prepared  from  the  germinating  seeds 
which  will  yield  characteristic  crystals  when  an  ethereal 
solution  of  it  is  slowly  evaporated.  The  changes  leading 
to  the  formation  of  these  bodies  are  no  doubt  oxidative, 
and  are  carried  out  by  the  direct  action  of  the  protoplasm 
of  the  cells.  This  is  supported  by  the  observation  of 
Godlewski  already  quoted,  that  the  absorption  of  oxygen 
by  the  seeds  is  greater  than  the  output  of  Co2  during  the 
time  at  which  these  metabolic  changes  are  most  vigorous, 
and  to  the  experiments  of  Hazura  and  Grtissner  (53)  and  of 
Krafft  (54)  who  have  shown  separately  that  different  fatty 
acids  do  produce  such  crystalline  products  when  gently 
oxidised. 

These  conclusions  are  in  the  main  confirmed  by  the 
researches  of  Du  Sablon  (55)  upon  the  same  seed.  This 
writer  finds  that  the  proportion  of  oil  in  the  dried  seed 
amounts  in  some  cases  to  69  per  cent.,  and  that  on  ger¬ 
mination  this  diminishes,  the  amount  being  only  about  10 
per  cent,  when  the  radicle  is  12  cm.  long.  He  says  that 
in  his  experiments  the  fatty  acid  increases  irregularly  during 
germination,  and  is  about  0*5  per  cent,  of  the  dry  weight 
at  its  conclusion.  He  failed  to  identify  the  glycerine  with 
certainty,  but  found  a  large  formation  of  sugar  as  the  pro¬ 
cess  proceeds. 

The  deposition  of  the  fatty  matter  in  the  cells  of  the 
seeds  or  other  parts  has  not  been  so  fully  worked  out  as 
its  disappearance.  There  is  reason  to  believe  that  it  is 
the  converse  of  the  latter  ;  that  the  various  products  are 
taken  to  the  cells  in  the  forms  of  the  dialysable  bodies 
described,  rather  than  that  they  are  completely  formed 
where  the  fat  is  deposited. 

The  intervention  of  protoplasms  is  necessary  for  the 
deposition  of  the  fat  or  oil,  but  that  intervention  seems 
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to  be  rather  for  the  purpose  of  effecting  the  ultimate,  than 
the  initial,  changes.  The  completed  product  can  be  some¬ 
times  detected  in  the  protoplasm  in  the  forms  of  small 
droplets,  often  no  larger  than  mere  points  or  specks  which 
are  stained  brownish-black  by  osmic  acid.  The  process 
seems  to  correspond  very  closely  to  the  action  of  the 
leucoplastid  in  forming  starch  from  the  sugar  supplied 
to  it. 

In  certain  plants  peculiar  corpuscles  or  plastids  have  been 
found  which  have  been  thought  to  play  a  part  in  the  de¬ 
position  of  oil  exactly  similar  to  that  of  the  leucoplastid  in 
the  case  of  starch.  These  bodies  have  been  called  elaio- 
plasts  by  their  discoverer,  Von  Wakker  (56).  They  have 
not  been  seen  in  reservoirs  where  oil  is  present  in  great 
quantity,  but  chiefly  in  leaves  of  various  kinds.  Von 
Wakker  found  them  in  the  epidermis  of  young  leaves  of 
Vanilla  ;  Zimmermann  (57)  has  described  them  as  occurring 
in  the  perianth  of  Ornithogalum  and  Funkia,  and  the  leaves 
of  a  species  of  Agave  and  in  the  root  of  Oncidium.  They  are 
of  various  shapes,  sometimes  round  or  oval,  sometimes  very 
irregular,  generally  lying  near  the  nucleus  in  the  cell.  Each 
consists  of  a  stroma  in  the  meshes  of  which  the  oil  is  slowly 
formed. 
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THE  SPACE  RELATIONS  OF  ATOMS. 


rT^HE  theory  that  matter  is  composed  of  atoms  is  not 
X  older  than  the  theory  that  the  nature  of  the  matter 
depends  on  the  arrangement  of  the  atoms.  Both  these 
doctrines  are  said  to  have  originated  together  about  twenty- 
three  centuries  ago  ;  and  their  association  was  inevitable 
since  the  ancient  atomic  theories  assumed  the  substance  of 
all  atoms  to  be  alike  ;  that  matter  is  not  all  alike  could 
therefore  be  explained  only  by  supposing  the  atoms  to  differ 
in  their  space  relations.  For  two  thousand  years  these 
notions  endured.  They  were  elaborated,  but  essentially 
unchanged.  “  God  made  the  atoms,”  says  Sir  Isaac 
Newton,  “of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportion  to  space,  as  most  con¬ 
duced  to  the  end  for  which  He  formed  them.” 

Later  Swedenborg  enters  into  elaborate  calculations 
concerning  the  sizes,  shapes,  and  proportion  to  space.  He 
holds  the  atom  to  be  a  geometrical  point,  and  to  be  the 
same  for  all  matter.  And  he  sets  forth  a  sort  of  “genesis 
of  the  elements,”  in  which  the  evolution  of  six  kinds  of  par¬ 
ticles  is  traced  from  the  geometrical  point,  through  the  smaller 
particles  of  gravitation,  magnetism,  and  ether,  to  the  larger 
forms  constituting  air,  aqueous  vapour  and  water.  All  the 
particles  are  hollow  spheres,  and  all  are  of  the  same  nature; 
the  difference  is  only  in  size.  The  properties  of  bodies 
depend  entirely  on  the  size  and  arrangement  of  their  com¬ 
ponent  spheres.  In  water  the  arrangement  is  simplest. 
The  centres  of  four  large  spheres  form  a  square,  and 
eight  of  them  make  a  cube.  This  is  confirmed  by  forty- 
seven  observations  and  experiments  on  water.  Further, 
each  of  the  large  spheres  of  water  is  surrounded  by  the 
next  smaller  spheres,  these  again  by  the  next  smaller,  and 
so  on  through  the  series  of  six  down  to  the  mathematical 
point. 

From  this  arrangement  the  arrangement  of  other  bodies 
is  deduced.  The  shape  of  the  particles  of  salt,  for  example, 
follows  from  the  simple  fact  that  at  the  bottom  of  the  sea 
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the  smaller  globules  of  water  disintegrate  and  fill  up  the 
interstices  between  the  larger  globules,  thus  forming  the 
salt  of  the  sea.  The  particles  of  salt  have  therefore 
exactly  the  shape  of  the  interstices  between  the  spheres  of 
water;  i.e.,  they  are  shaped  like  “cubes”  and  tetrahedra, 
both  with  curved  sides.  This  is  confirmed  by  fifty  experi¬ 
ments  on  salt.  For  example,  the  corners  or  points  of  the 
tetrahedra  are  nothing  but  the  acids  of  the  salt,  and  if  the 
points  be  broken  off  by  heat  the  remainder  is  insipid  and 
without  acidity. 

This  work  was  published  by  Swedenborg  in  1721. 
Again,  as  late  as  1777,  we  find  Wenzel  proving  that  the 
properties  of  bodies  depend  on  the  configuration  of  their 
smallest  particles.  A  little  later,  however,  arose  the  doctrine 
that  difference  in  the  properties  of  matter  is  due  to  essential 
differences  among  atoms.  Atoms  of  elements  were  opposed 
to  the  old  atoms  of  matter.  It  is  evident  that  with  the 
growth  of  this  doctrine  the  necessity  for  attributing  impor¬ 
tance  to  the  space'  relations  of  atoms  disappeared.  For 
the  first  time  a  state  of  atomic  chaos  became  an  a  priori 
possibility.  Difference  in  properties  implied  now  difference 
in  the  nature,  not  in  the  arrangement  of  atoms.  In  particular 
the  question  of  the  relative  weights  of  the  atoms  came  to 
the  front,  and  pari  passu  the  question  of  their  relative  sizes  and 
positions  passed  to  the  rear.  It  soon  came  to  be  admitted 
that,  in  general,  atoms  exist  only  in  groups  (molecules),  but 
it  remained  an  open  question  whether  or  not  there  was  any 
definite  arrangement  within  these  groups  ;  whether  each 
atom  had  a  fixed  position  (or  a  fixed  orbit),  or  whether  un¬ 
stable  equilibrium,  a  chaotic  state  of  ever-shifting  atoms, 
prevailed  within  the  molecule. 

The  discovery  of  the  first  isomers,  (AgCNO)n,  in 
1823  by  Liebig  and  Wohler  seemed  calculated  to  call 
attention  to  this  question.  And  presently  Gay-Lussac 
suggested  that  difference  of  properties  in  bodies  containing 
the  same  atoms  and  the  same  number 1  of  each  was  due  to 

1  That  the  atoms  composing  Wohler’s  cyanate  and  Liebig’s  fulminate 
of  silver  were  not  present  in  the  same  number  in  the  respective  molecules, 
but  only  in  the  same  proportion,  was  not  immediately  recognised. 
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a  difference  in  the  arrangement  of  the  atoms.  But  it  does 
not  seem  clear  that  Gay-Lussac  referred  to  anything  more 
than  what  we  should  now  call  a  difference  of  linking  or  group¬ 
ing  of  the  atoms.  Thus  in  a  compound  (RCNO)n,  there 
may  be  special  linking  between  R  and  N,  and  C  and  O, 
or  between  R  and  O,  and  N  and  C,  and  in  either  case  the 
atoms  may  have  the  same  position,  thus  : — 

R  i  O  R  o 

N  j  C  N  C 

The  dotted  lines  indicate  the  division  into  groups.  This 
isomerism  is  realised  in  the  case  where  R  isan  alkyl  (methyl 
or  ethyl).  For  in  the  decomposition  products  of  an  isocy- 
anurate  the  alkyl  appears  linked  with  N,  and  C  with  O, 
whereas  when  the  cyanurate  is  broken  up  by  the  same 
reagents  the  alkyl  clings  persistently  to  O,  C  retaining  N. 
Thus  the  groups  pass  unchanged  from  molecule  to  molecule. 

And  here  we  come  upon  a  class  of  facts  which  led 
chemists  to  suspect,  or  perhaps  unconsciously  to  assume, 
the  definite  as  opposed  to  the  chaotic  state  for  the  atoms 
in  a  molecule.  It  was  the  persistence  of  types  which 
brought  about  this  result, — the  habit  which  bodies  have  of 
preserving,  despite  substitutions,  their  properties  and  their 
chemical  functions.  “Thus,”  says  Dumas,  “in  a  building, 
stone  is  replaced  by  stone  but  the  form  is  preserved.” 
Here  the  term  “building”  implies  fixity  of  the  relative 
positions  of  the  atoms.  The  fact  that  aromatic  radicals,  as 
C6  H5,  and  CI0  H7,  introduced  into  fatty  molecules  preserve 
their  nature,  that  propyl  remains  different  from  isopropyl, 
shows  that  there  are  certain  groups  of  atoms  which  are 
separated  from  the  rest,  not  chaotically  jumbled  with  them. 
But,  within  these  groups,  is  the  position  of  the  atoms,  or  of 
their  orbits,  a  constant  or  an  ever-changing  one  ?  It  re¬ 
mained  for  Biot  and  Pasteur  to  supply  the  answer  to  this 
question. 

Biot  showed  as  early  as  1817  that  a  substance  (oil  of 
turpentine)  may  even  in  the  form  of  vapour  rotate  the  plane 
of  polarised  light,  and  concluded  that  this  power  depends 
on  the  internal  structure  of  the  molecule. 
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Pasteur  observed  that  when  a  body  is  optically  active 
in  solution,  its  crystals  possess  a  hernihedry  corresponding 
to  the  activity  (right  or  left-handed)  of  the  solution,  and  he 
deduced  the  theory  of  the  asymmetric  structure  of  the  mole¬ 
cules  of  bodies  active  in  solution.  We  cannot  admit  that  the 
rotatory  power  is  due  to  the  particular  mode  of  aggregation 
of  the  chemical  molecules  forming  the  crystal  molecule,  for 
it  would  be  necessary  to  admit  also  that  this  association 
persists  in  solutions  and  in  vapours,  whereas  determinations 
of  freezing-points  and  of  vapour-densities  show  that  the 
crystal  molecule  is  dissociated  in  these  conditions.  Pasteur 
concluded  that  “  the  right-  and  left-handed  isomers  are  like 
right-  and  left-handed  spirals  or  staircases  ”  in  their  atomic 
arrangement.  As  dissymmetry  is  impossible  without 
internal  stability,  we  have  here  the  fundamental  principle 
of  stereochemistry. 

Now  Sarrau  has  given  mathematical  proof  that  when 
in  a  body  through  which  polarised  light  is  passing  there  is 
dissymmetry,  it  must  betray  itself  by  rotation  of  the  plane 
of  the  light.  This  being  so  we  may  proceed  to  consider 
in  what  cases  dissymmetry  would  be  expected  to  occur, 
and  we  may  then  compare  the  results  with  the  facts  by 
testing  the  substances  in  question  for  optical  activity. 

Evidently  every  arrangement  of  four  or  more  different 
bodies  lacks  symmetry,  unless  it  is  a  plane  arrangement. 
In  general,  then,  every  molecule  in  which  a  radical  A  is 
joined  to  three  or  more  radicals,  R'  R"  R'",  etc.,  differing 
from  it  and  from  one  another  will  be  asymmetric.  But 
there  will  be  exceptions,  ( i )  when  the  radicals  are  not 
relatively  fixed  ;  (2)  when  the  arrangement  is  plane  ;  (3) 
when  one  radical,  as  R'",  is  a  duplicate  of  the  rest  of  the 
molecule,  so  that  a  symmetrical  molecule  A  R'  R”  R”  R  A 
results. 

( 1 )  Molecules  internally  unstable.  An  exception  of 
this  class  occurs  according  to  Le  Bel  i^Revue  Scientifique , 
xxviii.,  609),  whenever  the  radical  A  is  not  a  simple  radical. 
That  is  to  say,  the  link  between  two  groups  is  movable  so 
that  indirectly  connected  atoms  have  no  definite  orientation. 
For  consider  ethane,  C2  H6;  the  simplest  arrangement  of  the 
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hydrogen  atoms  is  at  the  corners  of  two  parallel  equilateral 
triangles,  as  in  the  prism  formula  for  benzene  ;  on  sub¬ 
stituting  two  atoms  of  chlorine  for  two  atoms  of  hydrogen, 
we  should  have,  then,  three  isomers  as  in  the  case  of  ben¬ 
zene  ;  but  there  are  only  two.  More  complicated  arrange¬ 
ments  would  give  a  still  wider  divergence.  Therefore  no 
fixed  arrangement  of  the  hydrogen  atoms  exists,  but  they 
are  constantly  changing  places. 

This  argument,  however,  will  not  hold  ;  for  as  Le  Bel 
has  himself  urged,  the  number  of  positions  of  equilibrium 
of  a  molecule  depends  on  the  particular  properties  of  the 
elements  composing  it,  and  not  at  all  on  the  positions  which 
the  replaced  atoms  occupied  before  replacement.  In  other 
words,  there  are  two  positions  of  equilibrium  for  the  chlorine 
atoms  in  C2  H4  Cl2,  and  when  this  compound  is  formed  from 
C2  H4  H  H  ',  the  atoms  will  re-arrange  themselves  until  the 
chlorine  atoms  reach  one  or  other  of  their  two  possible 
positions,  whether  these  were  previously  occupied  by  the 
displaced  hydrogen  atoms  H'  H"  or  not.  There  is  then  no 
theoretical  ground  for  opposing  Le  Bel’s  earlier  view  that 
A  may  be  any  radical,  simple  or  complex. 

Indeed  it  seems  probable  that  we  must  look  in  the 
opposite  direction  for  exceptions  of  the  first  class.  It  is 
when  the  radicals  R'  R",  etc.,  are  small  and  light,  that 
we  should  expect  the  mobility  of  the  chaotic  state.  In 
particular,  the  hydrogen  atom  would  be  suspected  of  de¬ 
stroying  the  stability  necessary  for  asymmetry.  A  notable 
instance  is  afforded  by  the  tri-substituted  ammonium  chloride 
(R  R  R  R1V  Rv  =  Me  Et  Propyl  H  and  Cl),  which  Le 
Bel  found  to  be  inactive,  while  on  replacing  the  last  hy¬ 
drogen  by  a  compound  radical  (isobutyl),  activity  resulted. 
Again,  the  inactivity  of  bromnitro-ethane,  CHBrN02CH3 
has  suggested  a  desmotropic  action  of  the  hydrogen  atom 
as  an  explanation.  This  cannot  be  accepted  in  face  of  the 
fact  that  such  substances  as  methyl-ethyl-carbinol,  CH  *  CH3* 
C2H5  •  OH,  propylene-glycol,  CH  •  CH3  *  CH2OH  *  OH,  and 
lactic  acid,  CH  *  CH3  •  OH  *  COOH,  are  active.  At  the  same 
time  simplicity  of  structure  certainly  favours  mobility,  as 
witnessed  by  the  fact  that  asymmetry  has  never  been 
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detected  in  substances  containing-  less  than  two  complex 
radicals  attached  to  A,  though  according  to  the  general 
rule  many  such  substances  should  be  asymmetrical.  In 
other  words  an  asymmetric  carbon  atom 1  has  never  been 
found  sufficient  to  cause  activity  unless  joined  to  at  least 
two  other  carbon  atoms. 

(2)  Two-dimensional  molecules.  Ethylene  derivatives 
were  the  first  polyatomic  compounds  shown  to  have  a  plane 
arrangement.  The  proof  is  due  to  Le  Bel,  who  relied  on 
the  fact  that  when  we  add  R"  to  each  carbon  atom  in  the 
two  isomeric  substances  having  the  formula  CR'R"  CR'R", 
the  resulting  CR'R'R"'  CR'R'R'"  is,  according  to  the 
isomer  taken,  either  inactive,  or  a  mixture  of  two  isomers 
of  equal  and  opposite  activity  in  equal  proportions.  For 
the  formation  of  the  active  isomers  in  equal  quantity  can 
only  result  from  the  fact  that  2  R'"  is  attached  to  half  the 
CR'R"  CR'R''  molecules  on  one  side  and  to  half  on  the 
other,  in  corresponding  positions.  But  in  order  that  this 
may  be  the  case  the  molecules  must  present,  when  ap¬ 
proached  by  the  two  R"'  groups  in  any  direction,  an  atomic 
arrangement  exactly  similar  to  that  presented  when  the 
approach  is  made  in  the  opposite  direction.  Now  there 
are  only  two  positions  which  possess  such  symmetry:  (1) 
The  R'R"  groups  are  in  one  plane,  and  the  carbon  atoms 
occupy  corresponding  positions  one  on  each  side  of  this 
plane  ;  (2)  the  whole  arrangement  is  plane. 

But  to  the  first  kind  of  molecule  the  R"'  groups  could 
attach  themselves  symmetrically  only  in  the  plane  of  the 
R'R"  groups  and  the  result  would  be  an  inactive  substance 
only.  Therefore  the  plane  arrangement  is  the  only  one 
admissible.  That  it  satisfies  all  requirements  is  readily 
shown. 

We  then  have  for  the  two  original  isomers  the  two 


formulae 

R' 

R' 

R' 

R" 

I.  C 

C 

II.  C 

C 

R" 

R" 

R" 

R' 

1  A  carbon  atom  united  to  four,  or  a  nitrogen  atom  united  to  five 
different  radicals  is  called  an  asymmetric  atom. 
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In  I.  like  groups  are  on  the  same  side,  in  II.  on  the 
opposite  sides  of  the  molecule  (“  cis-trans  ”  isomerism,  also 
called,  in  a  special  sense,  “geometrical  ”  isomerism). 


R' 

R' 

Formula  I.  yields 

R'" 

R" 

C 

C 

R" 

R'" 

(a) 

R' 

R" 

and  formula  II.  yields 

R"' 

R" 

C 

C 

R' 

R" 

03) 

In  a  each  CR'R"R"'  group  is  the  mirrored  image  of  the 
other,  and  this  will  be  the  case  whether  the  R'"  groups  are 
attached  above  or  below  the  plane  of  the  paper.  In  (3  each 
CRR^R"  group  can  be  superposed  on  the  other,  hence  each 
group  possesses  activity  of  the  same  sign  and  the  molecule 
is  doubly  active  ;  but  if  the  R'"  groups  instead  of  attaching 
themselves  (say)  above  the  plane  of  the  paper,  attach  them¬ 
selves  below,  we  have  another  body  formed.  In  this,  also, 
the  CR  R  R  groups  are  superposable,  and  the  molecule  is 
doubly  active  ;  but  its  activity  is  directly  opposed  to  that  of 
its  isomer,  because  the  order  of  the  R'R"R'"  groups  has  been 
transposed.  And  since  the  R'"  groups  will  act  as  often  on 
one  side  of  the  molecule  as  on  the  other,  the  isomers  will  be 
produced  in  equal  quantities. 

Such  a  case  is  presented  by  the  formation  of  mesotar- 
taric  acid  on  oxidising  maleic  acid,  and  of  racemic  acid  on 
applying  the  same  oxidising  agents  to  fumaric  acid.  Hence 
the  observed  results  compel  us  to  accept  a  plane  arrange¬ 
ment  in  this  case,  and  we  may  fairly  assume  that  the  same 
arrangement  holds  for  other  derivatives  of  ethylene.  In 
complete  accordance  with  this  we  find  these  substances 
uniformly  inactive  even  when  possessing  the  formula 
A  R'  R"  R"'  Riv  (A  =  C2).  An  exception  was  announced  in 
the  form  of  an  active  citraconic  acid  CH  *  COOH  •  C  *  CH3  * 
COOH,  but  Le  Bel  now  finds  that  the  active  substance  he 
obtained  by  the  action  of  microbes  on  the  inactive  acid 
was  methyl-malic  acid. 

Again  there  is  reason  to  believe  that,  as  a  rule,  benzene 
derivatives  possess  plane  molecules.  Chemically,  there  is 
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little  to  be  said  against  such  an  arrangement,  and  for 
the  carbon  atoms  at  least  it  is  rendered  probable  by  the  fact 
that  it  obtains  in  the  case  of  the  allied  hexamethylene 
(see  below).  On  the  physical  side  there  is  the  fact  that  no 
optically  active  substituted  benzene  has  been  discovered, 
although  derivatives  lacking  symmetry  have  been  specially 
examined  by  Le  Bel  to  this  end.  All  these  substances 
then,  except  such  as  possess  an  asymmetric  atom ,  may  be 
classed  as  probably  two-dimensional. 

There  is  another  class  of  bodies  for  which  a  plane 
arrangement  is  accepted  as  the  cause  of  inactivity,  namely 
the  substituted  ammonias,  NR'R"R".  A  priori  these 
might  possess  either  a  two  or  a  three-dimensional  configura¬ 
tion,  but  as  they  are  uniformly  inactive,  and  as  the  complex 
nature  of  the  radicals  attached  to  nitrogen  in  the  compounds 
tested  for  optical  activity  by  Kraft,  Behrend,  Ladenburg 
and  others,  makes  it  improbable  that  their  inactivity  was 
due  to  internal  instability,  these  substances  also  must  rank 
among  the  exceptions  of  the  second  class. 

(3)  Three-dimensional  molecules  containing  more  than 
one  ARR'  R"  grocip.  Besides  meso- tartaric  acid  already 

mentioned,  we  may  instance  hydrobenzoin 

cHOHC6H5 

chohco2h 

and  trioxyglutaric  acid  CHOH 

CHOHC02H 

(the  asymmetric  atoms  are  italicised). 

Both  these  substances  are  inactive  owing  to  internal  com¬ 
pensation.  The  last  case  is  complicated  by  the  existence 
of  an  isomerism  akin  to  the  cis-trans  isomerism  already 
mentioned,  so  that  here  we  have  two  substances  which 
cannot  be  rendered  active,  corresponding  to  the  formulae 


R"  R" 

R'  C  R'"  R'  C  R/## 
X  C  Y  and  Y  C  X 
R'  C  R"'  R'  C  R'" 
R"  R" 


When  there  are  four  similar  asymmetric  groups  we 
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again  have  two  inactive  isomers.  Representing  the  direction 
of  the  rotation  for  each  group  by  R  for  right-handed  and 
L  for  left-handed,  these  are 

R  L  R  L 

I.  R  identical  with  L  and  II.  L  identical  with  R 

L  R  L  R 

L  R  R  L 

Thus  for  C02H(CH0H)+C02H  we  have  besides  active 

isomers  the  bodies  mucic  and  allomucic  acid  (Fischer,  Ber. 
d.  chem.  Ges.  xxv.,  1247  and  xxiv.,  2136),  both  of  which 
cannot  be  rendered  active. 

In  short,  wherever  similar  asymmetric  groups  are 
opposed  to  one  another  we  have  at  least  one  permanently 
inactive  substance. 

We  have  now  exhausted  the  cases  which  may  be  sup¬ 
posed  to  come  within  one  or  other  of  our  three  classes  of 
exceptions  ;  but  there  still  remains  a  host  of  substances 
unaccounted  for  —  substances  possessing  the  formula 
AR'R"R"'  and  yet  inactive.  In  the  first  place,  among  all 
the  great  number  of  known  ring-compounds,  none  except 
such  as  possess  an  asymmetric  carbon-atom  is  known  to 
possess  optical  activity.  Yet  the  evidence  goes  to  show 
that,  unlike  benzene,  many  of  these  compounds  have  three- 
dimensional  molecules.  This  follows  from  Buchner’s 
observations  on  the  derivatives  of  trimethylene.  In  this, 
the  simplest  of  the  ring-compounds,  the  carbons  of  the  ring 
must  lie  in  one  plane,  because  there  are  only  three  of  them. 
Now  Buchner  ( Ann .  Chem.  (Liebig),  cclxxxiv.,  197-226) 
has  shown  that  the  radicals  attached  to  the  carbon-atoms 
do  not  lie  in  this  plane,  for  otherwise  there  must  be  three 
isomeric  disubstituted  tri-methylenes,  CH2  *  CHR'  *  CHR'  *, 
having  the  formulae  : — 


THE  SPACE  RELATIONS  OF  ATOMS. 


499 


But  Buchner  has  prepared  the  dicarboxyl  derivatives 
according  to  all  the  known  methods,  and  has  found  it 
impossible  to  detect  more  than  two  isomers.  This  is  the 
number  arrived  at  by  arranging  the  H  and  R'  atoms  in  two 
planes  one  on  each  side  of  the  ring  and  parallel  with  it  ; 
we  may  then  have  ,  either  one  R'  on  one  side  of  the  ring  and 
one  on  the  other,  or  both  on  the  same  side,  (cis-trans  iso¬ 
merism)  ;  in  no  other  way  can  the  number  of  theoretical  iso¬ 
mers  be  limited  to  two.  We  must  therefore  accept  a  three- 
dimensional  arrangement  for  the  trimethylene  derivatives, 
especially  as  the  properties  of  Buchner’s  derivatives  are  such 
as  the  “  cis-trans  ”  formulae  would  lead  us  to  expect.  And 
from  the  great  analogy  between  the  trimethylene  and  the 
hexamethylene  dicarboxylic  acids,  which  also  exhibit  the 
maleicfumaric  or  cis-trans  isomerism,  we  may  extend  this 
arrangement  to  hexamethylene  derivatives.  Now  these  con¬ 
clusions  derive  no  support  whatever  from  the  optical  evidence. 
It  must  be  remembered,  however,  that  this  evidence  is  purely 
negative,  and  that,  with  the  exception  of  benzene-deriva¬ 
tives,  ring-compounds  have  not  been  thoroughly  investi¬ 
gated  as  to  their  optical  activity.  In  these  circumstances 
it  is  specially  interesting  to  consider  the  case  of  limonene. 

This  substance  has  a  mixed  methene-methine  ring  ;  it 
is  undoubtedly  active,  and  it  has  been  supposed  to  contain 
an  asymmetric  carbon  atom.  But,  according  to  the  recent 
investigation  of  its  constitution  by  Baeyer  (Ber.  xxvii.,  439, 
450),  it  contains  no  such  atom.  So  that  if  Baeyer’s  limo¬ 
nene  formula  hold  its  own  against  its  various  rivals,  we 
have  here  the  first  exception  to  the  empirical  law  that  an 
active  molecule  must  contain  an  asymmetric  atom.  It  is 
certainly  to  be  hoped  that  further  investigation  will  either 
supply  the  theoretical  basis  of  this  law,  or  bring  the  optical 
into  accord  with  the  chemical  evidence,  and  with  the  theory 
of  Sarrau. 

It  is  possible,  however,  that  the  inactivity  of  asymmetric 
ring-compounds  is  only  apparent.  For  even  compounds 
containing  an  asymmetric  atom  are  often  apparently  inactive, 
because  like  racemic  acid  they  are  composed  of  right-  and 
left-handed  molecules  in  equal  numbers.  Such  inactive 
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molecular  aggregates  alwavs  result  from  the  artificial  for- 
mation  of  active  molecules.  In  fact  in  the  molecule 
C(R')2R"R  the  forces  acting  between  one  R'  radical  and 
the  remaining  radicals  are  the  same  as  those  between  the 
other  R'  and  the  remaining  radicals  ;  hence  each  R'  must 
be  at  the  same  distance  from  each  of  the  radicals  CR'R”  ; 
that  is,  they  are  on  a  line  drawn  at  right-angles  to  the  plane 
of  CR  R  (or  to  the  line  CR'TC  if  this  is  a  straight  line), 
and  at  equal  distances  on  each  side  of  that  plane  (or  line). 
It  follows  that  when  an  R  group  is  replaced  by  R1V,  the 
exchange  will  be  effected  indifferently  on  either  side  of  the 
molecule,  so  that  in  the  enormous  number  of  exchanges 
occurring  in  any  chemical  reaction,  there  will  be  as  many 
molecules  attacked  on  one  side  as  on  the  other,  and  we 
shall  have  as  many  CR'R^R'R"  molecules  as  CR1VR  R"R'" 
molecules.  The  formation  of  equal  quantities  of  right-  and 
left-handed  molecules  is  therefore  in  complete  accord  with 
the  symmetrical  configuration  of  C(R')2R''R Given  the 
symmetry  the  equality  in  the  quantities  follows,  and  vice 
versa.  From  this  symmetry  it  follows  further  that  sub¬ 
stances  of  the  formula  C(R')2R  R"  will  be  inactive.  This 
is  invariably  the  case.  If  in  the  active  body  C  *  CH3  *  CH2I  * 
H  *  C2H5  we  do  but  substitute  H  for  I,-  forming  C  ‘(CH3)2*  H  * 
C2H5,  inactivity  results.  This  is  another  remarkable  con¬ 
firmation  of  the  symmetry  of  the  molecule  C(R)2R"R'". 
Moreover  it  goes  to  show  that  this  molecule  is  three- 
dimensional,  since  it  is  very  unlikely  that  the  simple  substitu¬ 
tion  of  H  for  I  should  so  profoundly  modify  the  large  molecule 
of  amyl  iodide  as  to  reduce  it  from  three  dimensions  to  two. 

The  results  we  have  thus  far  attained  with  regard  to 
asymmetry  -may  be  briefly  summarised  thus  : — 

General  law:  Asymmetric  molecules  are  such  as  contain 
AR'R"R"',  etc. 

Exceptions.  Theory.  I.  Chaotic  molecules. 

II.  Plane  molecules. 

III.  Self-compensating  molecules. 

Exceptions.  Found.  I.  II.  and  III.  as  above. 

IV.  All  substances  (except  per¬ 

haps  limonene)  in  which  A 
is  not  a  single  atom. 
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Now  as  the  only  asymmetric  atoms  which  have  been 
studied  are  C  and  N,  and  as  N'"  derivatives  are  included 
in  Exceptions  II.,  we  find  that  Exception  IV.,  amounts  to 
the  statement  of  the  empirical  law  mentioned  above,  that 
active  bodies  must  contain  an  asymmetric  atom,  with  the 
addition  that  this  atom  must  be  C  or  Nv  ;  it  would  seem, 
then,  that  instead  of  saying  asymmetric  molecules  are  such 
as  contain  AR'R"R"',  etc.,  we  must  say  asymmetric  molecules 
are  such  as  contain  CR'R"R'"Riv  or  NR'R"R"'RivRv.  This 
remains  to  be  proved  ;  but  while  insisting  that  the  presence 
of  an  asymmetric  atom  may  not  be  necessary ,  it  is  fair  to 
emphasise  the  fact  that,  with  the  few  exceptions  of  Class  I., 
it  is  sufficient  to  cause  optical  activity. 

This  statement  is  at  once  demanded  by  theory  and 
warranted  by  observation.  The  number  of  derivatives  of 
Nv  which  have  been  examined  is  not  large  enough  to  afford 
a  generalisation.  It  must  suffice  to  say  that  activity  un¬ 
doubtedly  exists  among  asymmetric  bodies  of  this  class. 

With  asymmetric  carbon  compounds,  however,  the  case 
is  very  different.  The  proof  of  their  activity  has  indeed 
been  complicated  by  the  fact  already  mentioned,  that  active 
molecules  tend  to  form  inactive  aggregates.  But  this  diffi¬ 
culty,  while  it  has  delayed,  has  also  confirmed  the  triumph 
of  the  theory.  The  first  method  of  splitting  up  the  inactive 
aggregate  into  active  molecules  ( dedoublement ,  Activirung , 
doubling),  was  discovered  as  long  ago  as  1848  by  Pasteur, 
who  during  the  succeeding  ten  years  originated  the  other 
methods  also.  They  are  : — 

I.  Division  by  combination  with  other  active  molecules. 
Thus  by  neutralising  a  solution  of  racemic  acid  with  the 
active  alkaloid  cinchonine,  Pasteur  was  able  to  crystallise 
out  the  salt  of  left-handed  tartaric  acid  before  its  isomer, 
and  Ladenburg  obtained  coniine  in  active  form  by  combin¬ 
ing  it  with  active  tartaric  acid. 

This  method,  however,  is  applicable  only  to  acids  and 
bases. 

II.  Division  by  the  action  of  living  organisms.  Since 
these  are  largely  composed  of  active  bodies  (albuminoids, 
sugars),  this  method  may  be  regarded  as  a  special  develop- 
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ment  of  the  preceding  one.  In  nature  plants  form  from  their 
inactive  food  (carbonic  acid,  water,  ammonia,  etc.)  all  kinds 
of  active  substances  as  terpenes,  carbohydrates,  alkaloids  ; 
and  in  the  animal  organism  it  has  been  shown  that  inactive 
bromobenzene  is  converted  into  active  bromphenylmer- 
capturic  acid  (Baumann  and  Preusse,  Ztschr.  f.  physiol. 
Chem.  v.,  309,  Ber.  xv.,  1731).  In  the  laboratory,  micro¬ 
organisms  are  employed.  Thus  Le  Bel  obtained  right- 
handed  amyl-alcohol,  CH3C2H5CHCH2OH,  by  means  of 
penicillium,  and  Tutton  ( Chem .  Soc.  J.,  1891,  233)  formed 
left-handed  glyceric  acid,  CH2OH  CHOHCOOH,  by  means 
of  bacillus  ethaceticus. 

The  disadvantage  of  this  method  is  that  one  isomer  is 
lost. 

III.  Spontaneous  conversion.  On  crystallising  a  solu¬ 
tion  of  sodium  ammonium  racemate,  Pasteur  found  the 
two  tartrates  separate.  This  result  depends  on  the  tem¬ 
perature  employed.  The  method  has  been  recently  used 
by  Zelinsky  [Ber.  d.  Chem.  Ges.,  xxiv.,  4014). 

By  the  employment  of  one  or  other  of  these  three 
methods,  activity  has  been  demonstrated  in  almost  all  the 
molecules  containing  an  asymmetric  carbon  atom,  which 
have  been  tested.  There  are  still  a  few  exceptions 
outstanding,  in  particular  certain  chlorine  and  bromine 
derivatives  of  succinic  and  acetic  acids.  The  explanation 
of  these  cases  is,  that  when  halogens  are  united  with  the 
asymmetric  carbon  atom  racemisation  very  readily  results. 
The  stability  of  the  right-  and  left-handed  isomers  is  slight ; 
the  one  may  be  converted  into  the  other  by  heat  and  even 
by  catalytic  action,  as  when  tartaric  is  converted  into  racemic 
acid  by  oxide  of  iron  or  by  alumina.  Now  when  isomerisa¬ 
tion  takes  place  inactivity  must  result.  For  owing  to  the 
complete  mechanical  symmetry  of  the  two  systems  of  like 
atoms,  the  tendency  to  conversion  will  be  the  same  in  both, 
and  there  will  always  be  more  converted  of  that  isomer 
which  is  in  excess  until  equal  quantities  of  both  are  present 
(Van’t  Hoff,  A  tome  im  Raume ,  1894,  p.  32). 

When,  therefore,  we  find  bromo-succinic  acid,  made  from 
active  ma-lic  acid,  to  be  inactive,  while  chloro-succinic  acid 
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from  the  same  source  is  active,  we  can  only  conclude  that 
the  former  acid  consists,  not  of  inactive  molecules,  but  of 
right-  and  left-handed  molecules  in  equal  quantity  ; 1  and  if 
the  temperature  of  racemisation 2  lies  below  the  ordinary 
temperature,  the  difficulty  of  separating  the  active  isomers 
is  accounted  for.  This  explanation  may  apply  also  to  those 
asymmetric  molecules  previously  spoken  of  as  possibly 
chaotic. 

Apart  from  these  “chaotic  ”  molecules,  we  cannot  admit 
a  single  valid  exception  to  the  law  of  the  sufficiency  of  the 
asymmetric  carbon-atom  to  cause  optical  activity. 

So  far  we  have  mainly  followed  Le  Bel,  who  bases  his 
conclusions  on  purely  geometrical  considerations,  resting 
none  of  them  on  any  doctrine  as  to  valence  or  its  cause. 
And  the  scope  of  the  results  arrived  at,  embracing  as  they 
do  the  theories  of  optical  activity,  of  geometrical  isomerism, 
and,  to  a  certain  extent,  of  ring-structure,  shows  that  stereo¬ 
chemistry  may  advance  in  complete  independence  of  any 
particular  theory  of  valence. 

In  fact  the  question  as  to  what  are  the  places  of  the 
atoms  may  be  treated  quite  apart  from  the  question  as  to 
what  holds  them  in  their  places  ;  and  to  ask  chemists  to 
answer  the  second  question  before  they  have  informed  them¬ 
selves  as  to  the  first,  would  be  equivalent  to  asking  astro¬ 
nomers  what  caused  the  arrangement  of  the  planets  before 
they  knew  what  that  arrangement  was.  The  discovery  of 
the  chemical  law  of  gravitation  may  be  the  aim,  but  it  is 
not  the  starting-point  of  stereochemistry.  At  the  same 

1  The  proof  of  this  has  been  given  by  Walden  in  a  paper  (. Ber .,  xxviii., 
1287)  published  while  the  above  was  passing  through  the  press.  By  working 
at  moderate  temperatures,  Walden  has  succeeded  in  preparing  not  only 
active  bromo-succinic  acid,  and  derivatives,  but  many  other  active  halogen- 
acids,  including  a-phenyl-chloracetic  acid,  and  a-chloro-  and  a-bromo- 
propionic  acids.  He  concludes  that  an  asymmetric  carbon-atom  always 
causes  optical  activity  whatever  the  nature  of  the  attached  radicals.  But 
so  long  as  no  active  substance  is  known  containing  less  than  three  carbon- 
atoms,  this  statement  is  subject  to  the  limitation  imposed  in  the  text,  con¬ 
cerning  the  molecules  provisionally  called  chaotic. 

2  This  term  is  used  to  indicate  the  formation  of  the  inactive  aggregate 
from  two  isomers  of  opposite  activity. 
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time,  none  can  deny  the  services  which  theories  based  on 
the  property  of  valence  have  rendered  to  stereochemistry, 
especially  in  the  hands  of  van’t  Hoff,  whose  views  we  have 
presently  to  consider.  If  we  have  thus  far  postponed  an 
account  of  the  work  of  the  investigator  who  first  opened  up 
this  branch  of  chemistry,  it  is  because  the  theories  involved 
have  proved  so  fascinating  that  they  have  caused  the  general 
considerations  underlying  them,  and  more  especially  repre¬ 
sented  by  Le  Bel,  to  be  very  largely  neglected  ;  and  also 
because  a  mind  once  occupied  with  a  particular  idea  as  to 
the  direction  of  the  valences  of  any  atom  in  a  molecule, 
finds  it  difficult  to  gain  an  unprejudiced  view  of  the 
structure  of  the  molecule  as  a  whole. 

Arnold  Eiloart. 


[To  be  continu'd, ’) 
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NOTICES  OF  BOOKS. 

The  Physical  Geology  and  Geography  of  Great  Britain  :  a  Manual  of  British  Geology.  By  the 
late  Sir  Andrew  C.  Ramsay,  LL.  D. ,  F.R.S.,  etc.  Sixth  edition.  Edited  by  Horace 
B.  Woodward,  F.G.S.  London:  Edward  Stanford,  1894. 

That  the  late  Sir  Andrew  Ramsay  exercised  a  great  and  important  influence  upon  the 
progress  of  geological  science  during  the  last  half-century  is  a  fact  concerning  which  there  can 
be  no  question.  1  he  effects  of  his  work,  however,  are  seen  in  the  improvements  which  he 
introduced  into  the  methods  of  geological  cartography,  in  the  way  in  which  he  stimulated 
research  among  his  pupils,  and  in  the  public  interest  which  he  aroused  by  his  bold  and  original 
speculations,  rather  than  in  any  published  work  that  he  has  left  behind  him.  But  there  is  one 
book  of  Ramsay’s — that  of  which  a  new  edition  has  now  appeared — which  serves  to  reveal  the 
greatest  of  our  field  geologists  at  his  best.  Full  of  accurate  observations  and  suggestive 
theories,  this  book  is  calculated  to  inspire  that  love  of  an  out-of-door  life  which  was  so  charac¬ 
teristic  of  its  author;  while  its  literary  charm  makes  itself  felt  by  the  most  casual  reader.  No 
better  book  could  be  put  into  the  hands  of  any  person  desirous  of  knowing  something  of  the 
methods  and  results  of  modern  geological  science. 

The  volume  originally  consisted  of  six  lectures  delivered  to  an  audience  of  working  men  ; 
and  it  is  doubtful  if  the  expansion  of  the  group  of  essays  into  a  text-book  for  students 
did  not  somewhat  detract  from  its  value.  The  present  editor  has  performed  his  task  very 
admirably,  only  making  such  corrections  and  additions  as  were  necessary  to  bring  the  book 
up  to  date.  The  map  and  illustrations  are  excellent,  and  add  greatly  to  the  value  of  the  work. 

The  Great  Ice  Age,  and  its  Relation  to  the  Antiquity  of  Man.  By  James  Geikie.  LL.  D., 
D.C.L.,  F.R.S.,  etc.  Third  edition.  London:  Edward  Stanford,  1894. 

Among  the  most  devoted  pupils  and  friends  of  Ramsay,  the  present  Murchison  Professor 
of  Edinburgh,  and  the  author  of  the  next  book  on  our  list,  has  always  loved  to  be  counted. 
The  Great  Ice  Age  displays  the  same  power  of  grouping  facts,  and  the  same  boldness  in 
theorising  concerning  them,  which  characterised  Ramsay.  The  book  has  long  been  recog¬ 
nised  as  the  ablest  and  most  complete  statement  of  the  views  of  extreme  glacialists ;  and  its 
author  has  earned  a  reputation  for  industry  in  collecting  and  collating  the  observations  of 
others,  for  ingenuity  in  dealing  with  the  arguments  of  opponents,  and  for  skill  in  presenting 
his  own  case. 

Twenty  years  have  now  elapsed  since  the  book  was  originally  published,  and  it  may  be 
instructive  to  notice  how  far  the  speculations  of  its  author  have  stood  the  test  of  time  and  the 
ordeal  of  criticism.  In  the  first  edition,  the  novel  astronomical  theory  of  the  late  Dr.  Croll 
was  very  skilfully  seized  upon  as  the  foundation  of  the  book;  but  the  criticism  of  Sir  R.  Ball 
and  other  mathematicians  and  physicists  has  led  to  the  removal  of  the  theory  of  recurrent 
glacial  epochs  to  a  subordinate  place,  the  subject  being  now  dealt  with  in  a  final  chapter, 
which  is  almost  of  the  nature  of  an  appendix.  The  author  says  in  his  preface:  “If  I  have 
read  the  geological  evidence  aright,  the  views  supported  by  me  will  stand,  even  should  Dr. 
Croll's  theory  eventually  fail  to  find  general  acceptance". 

In  the  first  edition  of  the  Great  Ice  Age  the  occurrence  at  high  levels  of  sands  and  gravels 
containing  marine  shells  in  North  Wales  and  the  North  of  England  was  thought  by  the  author 
to  indicate  a  submergence  of  the  country  to  the  depth  of  over  2000  feet.  In  the  present  edition 
this  great  submergence  is  considered  to  be  unproved ;  but,  on  the  other  hand,  many  smaller 
oscillations  of  level  in  different  parts  of  the  British  Islands  are  invoked.  In  the  first  edition, 
two  principal  “interglacial  periods”  were  supposed  to  have  interrupted  the  great  period  ol 
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cold  which  set  in  soon  after  the  close  of  the  Pliocene,  and  to  have  completely  died  out  only  a 
few  thousands  of  years  ago  ;  but,  in  the  present  edition,  at  least  four  or  five  interglacial 
periods  are  thought  necessary  to  explain  the  phenomena  described. 

A  very  valuable  feature  in  the  present  edition  is  the  sketch  of  the  ice  age  in  America 
which  has  been  drawn  up  by  Professor  T.  C.  Chamberlin,  who  stands  in  much  the  same 
relation  to  glacial  geology  in  the  United  States  as  Dr.  James  Geikie  does  in  this  country. 
The  Great  Ice  Age  has  been  largely  rewritten,  is  well  brought  up  to  date,  and  is  illustrated  by 
a  number  of  excellent  maps  and  sketches. 

Papers  and  Notes  on  the  Glacial  Geology  of  Great  Britain  and  Ireland.  By  the  late  Henry 
Carvill  Lewis,  M.A.,  F.G.S.  Edited  from  his  unpublished  MSS.,  with  an  introduction 
by  Henry  W.  Crosskey,  LL.  D. ,  F.G.S.  London:  Longmans  &  Co.,  1894. 

The  late  Professor  H.  C.  Lewis  was  a  man  of  rar^  scientific  attainments,  of  remarkable 
industry,  and  of  high  promise,  who  devoted  himself  enthusiastically  to  the  study  of  glacial 
phenomena  on  both  sides  of  the  Atlantic.  Had  his  life  been  spared,  there  can  be  little  doubt 
that  his  great  powers  and  opportunities  for  research  would  have  resulted  in  much  new  light 
being  thrown  on  the  very  difficult  problems  which  occupied  his  attention.  In  the  book  before 
us  his  widow  has  gathered  together,  with  loving  care,  all  that  remains  of  the  work  of  an  able 
geologist  and  gifted  writer.  In  his  case,  doubtless,  further  observations  would  have  led  to 
modifications  of  some  of  the  views,  and  to  corrections  of  some  of  the  statements,  contained  in 
the  present  volume. 

The  introduction  to  the  book,  by  the  late  Dr.  Crosskey,  whose  loss  geologists  have  now 
also  to  deplore,  is  a  very  able  and  judicious  piece  of  work,  and  serves  to  make  dear  to  the 
reader  what  were  the  ideas  and  suggestions  upon  the  subject  of  glacial  phenomena  for  which 
we  are  indebted  to  Carvill  Lewis. 

It  may  serve  to  illustrate  the  difficulty  of  explaining  and  of  correlating  with  one  another 
the  very  local  and  variable  deposits  known  as  “  drifts,”  if  we  compare  the  general  conclusions 
of  the  work  we  are  now  considering  with  those  of  the  Great  Ice  Age.  The  latter  work  regards 
the  boulder  clay  of  England  as  having  been  accumulated  under  a  vast  ice-sheet ;  the  former 
maintains  that  it  was  deposited  in  a  set  of  extra  morainic  lakes.  Dr.  James  Geikie,  as  we  have 
seen,  argues  in  favour  of  a  complicated  series  of  glacial  and  interglacial  periods,  while  Pro¬ 
fessor  Carvill  Lewis  insisted  that  there  was  no  break  whatever  in  the  continuity  of  the  glacial 
period. 

The  Art  of  Projection.  By  an  Expert.  London  :  E.  A.  Beckett,  1893. 

The  above  work  is  a  “  Complete  Magic  Lantern  Manual,"  and  includes  a  “  synopsis  of 
the  perfect  manipulation  of  a  triple  lantern  and  effects  ”. 

It  is  evidently  written  by  one  who  is  practically  acquainted  with  the  subject,  but  the 
writer’s  style  is  so  extraordinary  that  a  feeling  of  irritation  is  constantly  present  whilst  reading 
his  descriptions.  A  single  example  will  illustrate  this:  “The  next  operation  after  choosing 
the  object  we  wish  to  show  upon  the  screen,  and  here  it  is  advised  that  unless  some  definite 
subject  is  taken  for  class  demonstration,  to  manage  all  the  slides  in  a  series,  so  as  to  admit  of 
the  same  power  objective  being  used,  it  will  save  much  time  to  the  operator  in  changing  both 
the  object  glass  and  substage  condenser”.  The  spelling  also  is  very  shaky,  “loose”  for 
“  lose,”  “  non  compus  mentus,”  etc.  The  book  contains  valuable  hints,  and  it  is  a  pity  that 
it  is  spoiled  by  such  defects. 

A  Text-Book  of  Statics.  By  William  Briggs,  M.A.,  LL.B.,  F.R.A.S.,  and  G.  B.  Bryan,  M.A. 

London  :  W.  B.  Clive. 

This  is  one  of  the  volumes  in  the  “  University  Tutorial  Series,”  and,  like  the  rest  of  the 
books  in  the  same  series,  affords  a  ready  means  of  getting  up  the  subject  for  an  examination 
in  a  short  time.  For  this  purpose  the  work  will  doubtless  prove  of  use. 

Cloudland.  By  Rev.  W.  Clement  Ley,  M.A.,  F.R.Met.Soc.  London:  Edward  Stanford, 

1894. 

This  is  a  “  Study  on  the  Structure  and  Characters  of  Clouds,”  with  special  reference  to 
their  effects  on  the  weather.  It  is  well  written,  excellently  illustrated  with  reproductions  of 
water-colour  drawings  and  photographs,  and  in  every  way  deserves  to  be  carefully  studied  by 
those  who  wish  to  be  able  to  foretell  the  weather  by  observing  the  appearance  of  the  sky.  It 
is  obviously  the  work  of  one  who  has  devoted  much  time  and  thought  to  the  subject. 
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Principia  Nova  Astronomica.  By  Henry  Pratt,  M.D.  London:  Williams  &  Norgate,  1894. 

In  this  book  the  author  puts  forward  a  new  theory,  illustrated  by  figures  and  diagrams, 
of  astronomical  motion,  and  argues  that  the  sun  is  revolving  in  commensurable  orbit  around 
a  “  Central  Sun  He  suggests  as  a  possible  answer  to  the  question,  “  What  is  the  meaning 
of  stellar  activity  ?  ”  that  it  is  an  expression  of  the  life  of  space,  and  that  just  as  in  organic  beings 
a  circulation  of  cells  is  carried  on,  so  in  space  a  circulation  of  the  heavenly  bodies  occurs. 

“  Quis  credet?”  asks  the  author  at  the  beginning  of  his  book.  “  Quis  credet?”  the 
reader  may  well  ask  after  a  perusal  of  it. 

Elements  of  Bacteriology.  By  Dr.  S.  L.  Schenke.  Translated  from  the  German  by  W.  R. 

Dawson,  B.A.,  M.D.,  Dublin  University.  London:  Longmans,  Green  &  Co.,  1893. 

This  is  a  translation  of  Professor  Schenke’s  Grundriss  der  Baktej'iologie,  and  the  author 
states  in  the  preface  that  particular  attention  has  been  paid  to  the  elementary  technique.  The 
operations  of  staining  and  preparing  tissues  and  fluids  for  examination  are,  as  a  rule,  well 
described,  but  in  the  case  of  paraffin  imbedding  it  would  have  been  better  to  omit  the  descrip¬ 
tion  altogether  than  to  give  such  an  inadequate  one  as  is  here  presented.  The  descriptions  of 
individual  organisms  are  generally  well  done,  though  somewhat  short,  and  the  figures  are  good, 
but  would  have  been  rendered  more  useful  had  they  been  provided  with  some  indication  of  the 
amplifications  used. 
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Derby,  O.  A.,  Constituents  of  the  Canon  Diablo  Meteorite  (pp.  ioi-iio).  Spenzer,  J.  G., 
/3-Bromovalerianic  Acid  (pp.  110-112). 

Vol.  xvii.  No.  2.  American  Chemical  Journal.  (February,  1895.) 

Gibbs,  W. ,  Researches  on  the  Complex  Inorganic  Acids  (pp.  73-91)-  Kastle,  J.  H.,  and 
Keiser ,  B.  C.,  Diazobenzene  Aniline  Chloride  (pp.  91-98).  Lengfeld,  F.,  and  Stieglitz, 
J.,  On  Imido-Ethers  of  Carbonic  Acid  (pp.  98-113).  Dains,  F.  B.,  and  Rothrock,  J.  R., 
On  some  Bromine  Derivatives  of  Paraisobutyl  Phenol  (pp.  113-1x4).  Dains ,  F.  B.,  On 
the  Action  of  Acid  Chlorides  on  the  Methyl  Ether  of  Paraisobutyl  Phenol  (pp.  114-116). 
Kortrigkt,  F.  L.,  The  Effect  of  Hydrolysis  upon  Reaction-Velocities  (pp.  116-122). 
Wolff,  J.  A.,  On  the  Influence  of  Magnetism  on  Chemical  Action  (pp.  122-139). 

Vol.  xvii.  No.  2.  The  Journal  of  the  American  Chemical  Society.  (Feb.,  1895.) 

Venable,  F.  P.,  A  Modified  Arrangement  of  the  Elements  under  the  Natural  Law  (pp.  75-85). 
De  Roode,  R.,  The  Determination  of  Potash  in  Kainite  (pp.  85-86).  De  Roode, 
R.,  The  Oxidation  of  Organic  Matter  and  the  Decomposition  of  Ammonium  Salts 
by  Aqua  Regia,  in  Lieu  of  Ignition,  in  the  Determination  of  Potash  in  Fertilisers  (pp. 
86-87).  Long,J.  H.,  On  Certain  Phenomena  Observed  in  the  Precipitation  of  Antimony 
from  Solutions  of  Potassium  Antimonyl  Tartrate  (pp.  87-105).  Mabery,  C.  F.,  An 
Examination  of  the  Atmosphere  of  a  Large  Manufacturing  City  (pp.  105-122).  Hoffmann, 
L.  W.,  and  Hochstetter,  R.  W.,  A  New  Form  of  Water  Oven  and  Still  (pp.  122-125). 
Campbell,  E.  D.,  and  Andrews,  W.  //.,  The  Determination  of  Nickel  in  Nickel-Steel 
(pp.  125-129).  Noyes,  W.  A.,  and  Royse,  J.  S.,  The  Volumetric  Determination  of  Phos¬ 
phorus  in  Steel  and  Cast  Iron  (pp.  129-137).  Norton ,  P.  H.,  The  Contributions  of 
Chemistry  to  the  Methods  of  Preventing  and  Extinguishing  Conflagration  (pp.  137-148). 
Snyder,  H.,  The  Action  of  Organic  and  Mineral  Acids  upon  Soils  (pp.  148-151).  , 

Vol.  xx.  No.  227.  The  Analyst.  (February,  1895.) 

White,  /.,  Note  on  the  Use  of  Maize  as  an  Adulterant  of  Oatmeal  (pp.  30-32).  Kitto ,  B., 
Note  on  a  Sample  of  Supposed  Lard  (pp.  32-33).  Bodmer,  R.,  Note  on  a  Sample  of 
Larderine  (pp.  33-35).  Aitken ,  A.  P.,  The  Determination  of  Woody  Fibre  in  Fodders 
(PP-  35-37)- 

Vol.  lxvii.  No.  387.  Journal  of  the  Chemical  Society.  (February,  1895.) 

Linder,  S.  E.,  and  Picton,  H.,  Solution  and  Pseudo-Solution.  Part  II.  Some  Physical 
Properties  of  Arsenious  Sulphide  and  other  Solutions  (pp.  63-74).  Stern,  A.  L.,  Contri¬ 
butions  to  the  Chemistry  of  Cellulose.  I.  Cellulose-Sulphuric  Acid  and  the  Products  of 
its  Hydrolysis  (pp.  74-90).  Muir,  P.  M.  M.,  and  Eagles,  E.  M.,  Note  on  the  Interaction 
of  Bismuth  Haloid  Compounds  and  Hydrogen  Sulphide  (pp.  90-94).  Dunstan,  W.  R. , 
and  Garnett,  H.,  The  Constituents  of  Piper  ovatum  (pp.  94-100).  Dunstan,  W.  R.,  and 
Garnett,  H .,  Note  on  the  Active  Constituent  of  the  Pellitory  of  Medicine  (pp.  100-102). 
Henderson,  G.  G.,  and  Ewing,  A.  R.,  Action  of  Certain  Acidic  Oxides  on  Salts  of 
Hydroxyacids.  Pan  I.  Metallic  Tartrarsenites  (pp.  102-108).  Bone,  W.  A.,  and 
Perkin,  jun.,  W.  H.,  The  Condensation  of  Ethylic  Trimetbylenedicarboxylate  with 
Ethylic  Malonate  (pp.  108-119).  Goodwin,  W. ,  and  Perkin,  jun. ,  W.  II.,  cis-  and  trans- 
Hexahydro-orthotoluic  Acids  (pp.  119-128).  Collie ,  J.  N.,  A  New  Form  of  Barometer 
(pp.  128-132).  Japp,  F.  R.,  and  Davidson,  W.  B.,  Condensation  of  Benzile  with  Ethylic 
Malonate  (pp.  132-139).  Kipping ,  F.  S. ,  Stereoisomeric  aod-Dimethylpimelic  Acids  (pp. 
I39-I55)-  I  nee,  W.  //.,  Preparation  of  Adipic  Acid  and  some  of  its  Derivatives  (pp.  155- 
160).  Heycock,  C.  T.,  and  Neville ,  F.  H.,  On  the  Determination  of  High  Temperatures 
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by  Means  of  Platinum-Resistance  Pyrometer  (pp.  160-199).  Maclaurin ,  /.  5.,  Action  of 
Potassium  Cyanide  Solutions  on  New  Zealand  Gold  and  Silver  (pp.  199-212). 

Vol.  xxxix.  No.  237.  Philosophical  Magazine  and  Journal  of  Science. 

(February,  1895.) 

Olszewski,  C.,  On  the  Liquefaction  of  Gases  (pp.  188-213). 

Vol.  lvii.  No.  341.  Proceedings  of  the  Royal  Society.  (25th  Jan.,  1895.) 

Ewan ,  T.,  On  the  Absorption  Spectra  of  Dilute  Solutions  (pp.  117-161). 

Tome  iv.  Annales  de  Chimie  et  de  Physique.  (Fevrier,  1895.) 

Bert  helot ,  Sur  les  relations  qui  existent  entre  les  proportions  multiple  des  composes  chemiques 
et  la  chaleur  degagde  dans  leur  formation  (pp.  145-213).  Lescoeur,  H.,  Recherches  sur 
la  dissociation  des  hydrates  salins  et  des  composes  anologues  (pp.  213-235).  Freundler 
P.,  Sur  la  variation  du  pouvoir  rotatoiie  dans  la  serie  tartrique  et  le  pouvoir  rotatoire 
des  corps  dissons  (pp.  235-271).  Auguste,  et  Lumiere,  L.,  Sur  les  ddveloppateurs 
organiques  de  l’image  latente  photographique  (pp.  271-288). 
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poids  moldculaires  des  liquides ;  application  aux  hydrocarburds  (pp.  34-38).  Varet,  R., 
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41).  Schlumberger ,  E.,  Sur  quelques  composds  aluminiques  (pp.  41-65).  Varet,  R., 
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fermentation  pectique  (pp.  77-82).  Barthe,  L.,  Sur  le  dosage  volurndtrique  des  sels 
mindraux  de  zinc  (pp.  82-85).  Horsin-Deon ,  P.,  £tat  actuel  de  la  sucrerie  (pp.  85-93). 

Tomes  xiii.-xiv.  No.  3.  (5th  February,  1895.) 

Lespieau,  R.,  Essai  de  nomenclature  de  quelques  isomeres  stdrdochimiques  (pp.  105-108). 
Monnet,  P.,  Appareil  de  laboratoire  pour  distillations  fractionndes  (pp.  108-114).  Gantz y 
Sur  les  fluorures  acides  de  potassium  et  d’argent  (pp.  1x4-115).  Ferrand,  L. ,  Sur  quelques 
thiohypophosphates  (pp.  115-117).  Brocket,  A.,  Action  du  chlore  sur  les  alcools  secon- 
daires  (pp.  117-121).  Fournier,  H.,  Sur  quelques  glycdrines  ddrivdes  d’alcools  allylds. 
secondaires  (pp.  121-125).  Chancel,  F.,  Sur  la  nitrosopropylacdtamide  (pp.  125-126). 
Brunner,  H.,  et  Chuard,  E.,  Sur  la  prdsence  de  l’acide  glyoxylique  dans  les  fruits  verts 
(pp.  126-128).  Delepine,  Recherches  sur  la  constitution  de  l’hexamethylene-amine  (pp. 
128-135).  Dettpine ,  Hydrogdnation  de  l’hexamethylene-amine ;  formation  de  trimdthy- 
lamine  (pp.  135-140).  Reychler,  A.,  L’ essence  de  Cananga  (pp.  140-142).  Lescoeur,  H., 
Recherche  et  sdparation  de  l’acide  chlorhydrique  libre  et  des  chlorures.  Application  a 
l’analyse  du  sue  gastrique  (pp.  142-154).  Arth,  G.,  Sur  1’utilisation  des  gaz  de  hauts 
fourneaux  (pp.  154-155). 

Tome  cxx.  No.  1.  Comptes  Rendus  hebdomadaires  de  V Academie  des  Sciences. 

(7th  January,  1895.) 

Pictet,  R.,  Utilisation  de  la  temperature  du  point  critique  des  liquides  pour  la  constalation  de' 
leur  purete  (pp.  43-46).  Villiers,  A.,  Sur  la  separation  qualitative  du  nickel  et  du  cobalt 
(pp.  46-47).  Moissan ,  H.,  Preparations  au  four  dlectrique,  de  graphites  foisonnant  (pp. 

.17-19)* 

Tome  cxx.  No.  2.  (14th  January,  1895.) 

Pictet,  R.,  Recherches  experimental  sur  le  point  critique  des  liquides  tenant  en  solution  des 
corps  solides  (pp.  64-67).  Ditte,  A.,  Sur  quelques  proprietes  du  sulfure  d’argent  (pp.  91- 
94).  Vigouroux,  Sur  la  preparation  du  selicuin  amorphe  (pp.  94-97).  Villiers ,  A.,  Sur 
l’etat  protomorphique.  Sulfures  de  zinc  et  de  manganese  (pp.  97-100).  Oechsner  de 
Coninck,  Sur  quelques  reactions  sensibles  des  acides  amidobenzoiques  (pp.  100-101). 
Colson,  A.,  Sur  une  classe  de  nitrites  (pp.  101-105).  Camber ,  A.,  et  Brocket,  A.,  Sur  la 
constitution  de  l’hexamethyl  enetetramine  (pp.  105-107).  Henry ,  L.,  Sur  le  methyla! 
ethylenique  (pp.  107-110). 


VI 


SCIENCE  PROGRESS . 


Tome  cxx.  No.  3.  (21st  January,  1895.) 

Moissan,  H,  et  Charpy ,  G.,  Sur  l’acier  au  bore  (pp.  1 30-132).  Villiers ,  ^4.,  Influence  de  la 

temperature  sur  la  transformation  du  sulfure  du  zinc  amorphe  (pp.  149-152).  Deldphie , 
Insuffisance  de  la  mdthode  de  Kjeldahl  pour  doser  l’azote  dans  les  chloroplati nates  (pp. 
I52'I53)-  Hanriot ,  Sur  l’arabenochloral  et  le  xylochloral  (pp.  i53"I5S)-  Delacre,  Nouvelle 
synthese  de  l’anthracene  (pp.  155-157).  Guze,  A.,  e t  Fayollat,  J. ,  Contribution  a  l’etude 
des  ethers  tartriques  (pp.  157-161). 

Tome  cxx.  No.  4.  (28th  January,  1895.) 

Villard,  P.,  Sur  la  dissolution  des  solides  dans  les  vapeurs  (pp.  182-184).  Gamier ,  /.,  Action 
d’un  courant  eiectrique  sur  une  serie  de  metaux  sulfures  en  fusion  (pp.  184-186).  Ditte , 
A.,  Sur  quelques  proprietds  du  sulfure  de  bismuth  (pp.  186-188).  Villiers,  A.,  Influence 
du  milieu  ambient  sur  la  transformation  du  sulfure  de  zinc  amorphe  (pp.  188-190).  Besson , 
A.,  Sur  le  chlorobromure  et  le  bromure  de  carbonyle  (pp.  190-192).  Rose?istiehl,  A., 
Ethers  mixtes  et  derives  ammonies  de  rhexamethyl-triamidotriphenylmethane  (pp.  192- 
194).  Tanrel,  C.,  Sur  les  ethers  acdtiques  des  sucres  (pp.  194-197).  DeUpine,  Sur 
l’hexamethylene-amine  (pp.  197-200). 

Tome  cxx.  No.  5.  (4th  February,  1895.) 

Pictet ,  R.,  Influences  des  basses  temperatures  sur  la  puissance  d’attraction  des  aimants  arti- 
ficiels  permanents  (pp.  263-264).  Rosenstiehl,  A.,  Derives  monoiodammonies  de 
rhexamethyltriamidotriphenylmethane  (pp.  264-266).  Bertrand,  G.,  Sur  la  laccase  et  sur 
le  pouvoir  oxydant  de  cette  diastase  (pp.  266-270).  Batta?idier ,  Reactions  de  la  cheii- 
donine  avec  les  phenols  en  solution  sulfurique  (pp.  270-271). 

i$e  Annee.  Tome  i.  No.  2.  Journal  de  Pharmacia  et  de  Chiniie.  (15th  Jan.,  1895.) 

Massol,  G.,  Pouvoir  rotatoire  des  essence  d’aspic  et  de  lavande  (pp.  49-50).  Doumer  et  Deraux, 
Recherches  sur  la  solubilite  de  la  quinine  dans  les  alcalis  (pp.  5°_59)-  Fonzes-Diacon, 
Solubilite  du  bromure  de  strontium  anhydre  dans  l’alcool  et  sa  cristallisation  dans  ce 
dissolvant  (p.  59).  Frehse,  Nouvelles  teintures  pour  le  cheveux  (pp.  59-61). 

Tome  i.  No.  3.  (1st  February,  1895.) 

Roeser,  Analyse  d’un  liquide  pleurdtique  (pp.  97-99).  Jean,  F. ,  Note  sur  le  dosage  du  fer  et 
de  l’alumine  dans  le  phosphates  (pp.  99-102). 

Tome  xxvi.  No.  8.  Journal  de  la  societe  physico-chemique  russe. 

Klimenko,  M.,  et  Raphalovitch,  Sur  les  derives  de  l’acide  paracrylique  (pp.  4x1-415). 
Klimenko,  M.,  et  Roudnitzky,  Sur  l’influence  de  l’acide  chlorhydrique  et  des  chlorures 
m6talliques  sur  la  decomposition  photochemique  de  l’eau  de  chlore  (pp.  415-424). 
Klimenko,  Sur  la  reaction  accompagnant  la  decomposition  photochemique  de  l’eau  de 
chloreen  presence  de  l’acide  chlorhydrique  et  des  chlorures  metalliques  (pp.  424-428). 
Jakowkine,  Sur  la  tension  osmotique  considerde  au  point  de  vue  de  la  theorie  chimique  des 
solutions  (pp.  428-432).  Sdlivanoff,  T.,  Recherches  sur  les  combinaisons  halogen6es  de 
1’azote  (pp.  435-487). 

Band  cclxxxiv.  Heft  1  und  2.  Justus  Liebig's  Annalen  der  Chemie. 

(14th  January,  1895.) 

Anschutz,  R.,  xxnd  Montfort,  W.  F,  Ueber  die  Umwandlung  von  Benzalacetophenon  in 
a-Phenyl-/3-benzoylpropionsaure  (pp.  1-8).  Anschutz,  R. ,  Ueber  aromatische  Glyoxalin- 
verbindungen  (p.  8).  Anschutz ,  R.,  und  Schwickerath,  K. ,  Ueber  die  Constitution  der 
Einwirkungsproducte  von  Thioharnstoff  oder  Rhodanammonium  und  von  Harnstoff  auf 
Benzoin  (pp.  9-25).  Muller ,  H.,  Ueber  die  Einwirkung  monosubstituirter  Thioharnstoffe 
und  Harnstoff  auf  Benzoin  (pp.  25-36).  Erlenmeyer,  E.,jun.,  und  Frustuch,  E.,  Ueber 
Phenyl-a-amidomilchsaure  (Phenylserin)  (pp.  36-49).  Erlenmeyer,  E.,  ju7i.,  Ueber 
Diacetylkreatin  und  Benzyliden-acetylkreatinin  (pp.  49-52).  Bamberger,  E.,  und 
Chattaway,  F.  D.,  Ueber  das  Picen  (pp.  52-81).  Schunck,  A'.,  und  Marchlewzki,  L. , 
Zur  Chemie  des  Chlorophylls.  II.  (pp.  81-107).  Zopf,  IF. ,  Zur  Kenntniss  de  Flechten- 
stoffe  (pp.  107-132).  Einhorn,  A.,  und  Gernsheim ,  A.,  Ueber  Nitro-phenylglycidsauren 
(pp.  132-154).  Baeyer .  A.,  und  IVirth,  E.,  Ueber  m-Dichlor-  und  Dibrom-Indigo  (pp. 
154-157).  Hesse ,  O.,  Ueber  einige  Flechtenstoffe  (pp.  157-191).  Hesse ,  O. ,  Notiz  iiber 


ENUMERATION  OF  TITLES . 


VII 


Chrysophansaure  (pp.  191-195).  Hesse ,  O. ,  Notiz  iiber  die  Pereirorinde  (pp.  195-197). 
Buchner,  E.,  Ueber  einige  Polycarbonsauren  de  Trimethylens  (pp.  197-212).  Buchner , 
E.,  und  Papendieck ,  A.,  1.  Ueber  trans-  1,  2-Trimethylendicarbonsaure  (Cyclopropan 
1,  2-dimethyldisaure)  (pp.  212-219).  Buchner ,  E.,  und  Witter ,  H. ,  II.  Ueber  trans- 
i,  2,  3-Trimethylentricarbonsaure  (Cyclopropan-  1,  2,  3-trimethyltrisaure  (pp.  219-226). 
Lassar-Cohn ,  Zur  Kenntniss  des  Aethers  (pp.  226-233).  Volhard,  /.,  Verbesserte  Labora- 
toriums-Apparate  (pp.  233-244). 

Band  liv.  Heft  2.  Annalen  dev  Physik  und  Chemie  ( Wiedemann ).  (15th  Jan.,  1895.) 

Knoblauch ,  O.,  Ueber  die  Fluorescenz  von  Losungen  (pp.  193-221).  Borgesius ,  A.  H., 
Beschreibung  eines  Interferenzrefractometers.  Molecular  refraction  und  Dispersion  einiger 
Salze  in  Losungen  (pp.  221-244). 

Band  ccxxxii.  Heft  9.  Archiv  dev  Pharmacie.  (31st  January,  1895.) 

Power ,  P. ,  Ueber  die  Bestandtheile  des  arnerikanischen  Pfefferminzoles  (pp.  649-660). 
Aweng ,  C.,  Ueber  den  Succinit  (pp.  660-688).  Doebner ,  O. ,  Vorkommen  des  Citronellals 
neben  Citral  in  Citronenol  (pp.  688-691).  Doebner ,  O.,  Nachweis  des  Chinolins  im 
Braunkohlentheer  (pp.  691-692).  Doebner ,  O. ,  Ueber  das  Polysulfhydrat  des  Brucins 

(pp.  692-698).  Bottinger ,  C. ,  Ueber  die  Scharlachsaure,  ein  Thioharnstoff  derivat  der 
Glyoxylsaure  (pp.  698-704).  Bottinger ,  U.,  Zur  Kenntniss  der  Glyoxylsaure  (pp.  704-719). 

Jahrgang  xxvii.  No.  19.  Berichte  der  Deutschen  Chemischen  Gesellschaft. 

(14th  January,  1895.) 

Weil,  H.,  Condensationen  mit  Formaldehyd  (pp.  3314-3316).  Weil,  H.,  Ueber  das  Tetra- 
methyldiamidobenzhydrol  (pp.  3316-3318).  Bis,  C.,  Beitrag  zur  Constitution  der  Safra- 
nine  (pp.  3318-3320).  Hofmann,  K.  A.,  Neue  Bildungsweisen  von  Thiodiphenylamin 
(pp.  3320-3325).  Salkowski,  E.,  Ueber  die  Kohlehydrate  der  Hefe  (pp.  3325*3329)- 
Hoppe-Seyler,  F. ,  Ueber  Chitin  und  Cellulose  (pp.  3329-3331)-  Hjelt,  E.,  Ueber  die 
Geschwindigkeit  der  Cumarinbildung  (pp.  3331-3333)-  Best,  O.,  Oxyterpenylsaure,  ein 
Oxydationsproduct  des  Carvols  (Carvons)  mit  Permanganat  (Erwiderung)  (pp.  3333*3335)- 
Jannasch,  P.,  Ueber  die  Trennung  des  Arsens,  des  Zinns  oder  des  Antimons  von  Blei, 
Kupfer,  Silber,  Cadmium,  Kobalt,  Nickel  u.s.f.  (pp.  3335  3337)-  Kehrmann,  F.,  Ueber 
Chinonimide  und  Aminochinone  (pp.  3337*3348)-  Kehrmann ,  F.,  Zur  Constitution  der 
Fluorindine  und  Rosinduline  (pp.  3348-3350).  Werner,  A.,  und  Sonnenfeld,  E. ,  Ueber 
Hydroxylaminessigsaure  und  a-Hydroxylaminpropionsaure  (pp.  335°'3355)-  Meyer,  K., 
und  Schafer,  /.,  Ueber  einige  alkylirte  Azokorper.  Ein  Beitrag  zur  Theorie  des  Farbens 
(PP-  3355'3362) •  Staedel,  W. ,  s-Di-o-diamido-benzophenon  (pp.  3362*3364)-  Z,inck e,  T., 
Nachtragliche  Bemerkungen  zu  der  Mittheilung  V.  liber  die  Einwirkung  von  Chlor  auf 
Brenzcatechin  und  o-Amidophenol  (pp.  3364*3366).  Kahlbaum ,  Ct.  IV.  A.,  und  Wirkner , 
C.  G.,  Das  Gesetz  der  correspondirenden  Siedetemperaturen ;  Hrn  W.  Duhring  zur 
Antwort  (pp.  3366-3374).  Zyelinsky,  IV.,  und  D  or  os  chew  sky ,  A.,  Uebei  Allentetracarbon- 
saureester  (pp.  3374*3376).  Mohlau ,  B.,  Ueber  die  Einwirkung  von  Benzylamin  auf 
Acetessigester  (pp.  3376-3381).  N  1  dtzki ,  B.,  und  Braunschweig ,  E.,  Ueber  die  Einwirkung 
von  Alkalien  auf  Orthonitrophenylhydragin  (pp.  3381-3385).  Olgiati,  L.,  Beitrtige  zur 
Kenntniss  der  Diphenylbenzole  (pp.  3385*3397)-  Bodenstein,  M.,  Kalischmelze  der 
Stearol-  und  Behenolsaure  (pp.  3397-3406).  Zelinsky,  N.,  Notiz  iiber  Natrium-  und 
Kaliumnitromethane  (pp.  3406-3408).  Lippmann ,  E.  O.,  Ueber  zwei  merkwiirdige 
Zersetzungsproducte  des  Rohrzuckers  (pp.  3408-3409).  Lippmann,  E.  O.,  Uebei  ein 
Vorkommen  von  Vanillin  (pp.  3409-3410).  Eckenroth ,  H. ,  und  Kock,  K.,  Zur  Kenntniss 
des  thiokohlensauren  Diphenylesters  und  seiner  Homologen  II.  (pp.  3410-3412).  Bam¬ 
berger,  E.,  Ueber  den  p-Nitrodiazobenzolmethylester  (pp.  3412-3421).  Bamberger,  £., 
und  Kitschelt,  M.,*  Ueber  eine  Synthese  des  Chinolins  (und  Skatols)  (pp.  3421-3428). 
Bamberger ,  E.,  und  Goldschmidt,  C.,  Ueber  ein  Stereomeres  des  Zimmtaldoxims  (pp. 
3428-3430).  Pawlewski ,  Br.,  Ueber  die  Einwirkung  von  Phtalylchlond  auf  die  Dinitro- 
diaz vami doben zole  (pp.  343°*343i)-  Christomanos,  A.  C.,  Ueber  kunstliches  Eis  (pp. 
3431-3437).  Schiff,  B.,  und  Tarugi ,  N.,  Ausschluss  des  Schwefelwasserstoffstroms  aus 
der  qualitativen  Analyse.  Dessen  Ersatz  durch  Thioessigsaure  (pp.  3437*3440)-  Beitter, 
H.,  Zur  Kenntniss  der  Aconsaure  (pp.  3440-3441).  Jannasch,  P.,  und  Weller ,  A/.,  Ueber 
die  Derivate  des  Isodurols  (pp.  3441-3448).  Schiller-  Wechsler,  M.,  Uebei  I  hio  erivate 
des  /3-Naphtols  (pp.  3448-3449).  Buheman ,  S.,  und  Orton,  A.  /.  /  Studien  in 

A* 


VIII 


SCIENCE  PROGRESS. 


Pyridinreihe,  ein  Beitrag  zur  Configuration  der  Aconitsaure  (pp.  3449-3458).  Reverdin, 
F.,  Ueber  eine  neue  Darstellungsweise  der  Naphtolsulfosaure  CJ0.H6.OH.SO3H  (1*4) 
(PP-  345^-3462).  Schunck,  E.,  und  Marchlewski ,  L. ,  Zur  Kenntniss  des  Naphtazarins 
und  fiber  die  Bildung  der  Naphtocyaninsaure  (pp.  3462-3465).  Koenigs ,  W.,  und  Meyer , 
C.,  Ueber  die  Sulfocamphylsaure  III.  (pp.  3465-3471).  Walden,  P.,  Zur  Constitution 
der  Ricinolsaure  und  ihrer  Derivate  (pp.  3471-3479)-  Fischer,  E. ,  Einfluss  der  Configu¬ 
ration  auf  die  Wirkung  der  Enzyme  II.  (pp.  3479-3483).  Graebe,  C.,  und  Ullmann ,  F., 
Darstellung  von  o-Amino-benzophenon  und  Synthese  von  Acridon  (pp.  3483-3485). 
Baeyer,  A.,  Ortsbestimmungen  in  der  Terpenreihe  (pp.  3485-3498).  Duden ,  P.,  Ueber 
eine  Bildungsweise  von  Hydrazin  auf  anorganischen  Wege  (pp.  3498-3500).  Von  Nagy- 
Ilosva,  L.,  Von  den  bei  der  Aufeinanderwirkung  von  Ozon  und  Ammoniak  sich  bildenden 
Nebenproducten  (pp.  3500-3504).  Aschan,  O.,  Ueber  die  Darstellung  des  Bromcampher- 
saureanhydrids  und  der  Lauronolsaure  (pp.  3504-3508).  Gabriel ,  S.,  und  Posner,  T., 
Zur  Kenntniss  der  halogenisirten  Amine  (pp.  3509-3525).  Schulze,  £.,  und  Frankfurt , 
S.,  Ueber  8-Lavulin  (pp.  3525-3527).  Hantzsch,  A.,  Zur  Stereoisomerie  der  Diazoverbin- 
dungen  und  speciell  der  Diazosulfonsauren  (pp.  3527-3548). 

Jahrgang  xxviii.  No  1.  (28th  January,  1895.) 

Marburg ,  R.,  Notiz  fiber  die  Einwirkung  von  Isobernsteinsaureester  auf  Aethylenbromid  und 
fiber  die  Constitution  der  Vinaconsaure  (pp.  8-12).  Skraup ,  Z.  H.,  Ueber  das  Cincho- 
tenin  (pp.  12-16).  Aschan,  O.,  Zur  Kenntniss  der  Camphoronsaure  und  ihren  optischen 
Isomeren  (pp.  16-21).  Demjanoff,  N.,  Ueber  das  Methyltrimethylen  (pp.  21-24).  Councler, 
C Einwirkung  von  Phloroglucin  auf  Zuckerarten  (pp.  24-28).  Graebe,  C.,  Ueber  die 
Constitution  des  Fluoresceins  (pp.  28-31).  Wallach,  O.,  Ueber  Oxymethylenverbin- 
dungen  einiger  Ketone  der  Terpenreihe  (pp.  31-34).  Kiliani,  H.,  Ueber  Maltol  (pp. 
34-35)*  Claisen,  L.,  und  Haase,  E.,  Ueber  die  Einwirkung  von  Phenylhydrazin  auf 
Aethoxymethylenmalonsaureather  (pp.  35-41).  Kiihling ,  O.,  Ueber  die  Einwirkung  von 
Saurechloriden  auf  Nitrophenylnitrosaminnatrium  (pp.  41-44).  Nietzki ,  K.,  und  Schroter, 
P.,  Ueber  die  Constitution  des  Fluoresceins  (pp.  44-57).  Anschutz,  R.,  und  Beavis,  C., 
Ueber  die  Einwirkung  von  Phosphorpentachlorid  auf  Succinanil  (pp.  57-59).  Anschutz, 
R.,  und  Beavis,  C.,  Ueber  die  Constitution  des  Succinanils  (pp.  59-60).  Anschutz,  R., 
und  Stiepel,  K.,  Ueber  Diamidoather  (pp.  60-63).  Anschutz,  R.,  und  Montfort,  W., 
Ueber  die  Synthese  der  a-Phenyl-/3-benzoylpropionsaure  (pp.  63-64).  Anschutz,  R.,  und 
Pauly,  H.,  Ueber  isomere  Osazone  des  Dioxobernsteinsaureathylesters  (pp.  64-69). 
Wolff,  L.,  Ueber  Abkommlinge  des  Furazans  (pp.  69,74).  Freund,  M.,  und  Hempel ,  H ., 
Ueber  Abkommlinge  des  Tetrazols  (pp.  74-81).  Haeussermann ,  C.,  und  Martz,  £., 
Berichtigung  (pp.  81-82).  Hoppe-Seyler,  F.,  Ueber  Umwandlungen  des  Chitins  (pp.  82- 
83).  Meyer,  V,  Ueber  die  Diagnose  der-o-substituirten  aromatischen  Sauren  durch  die 
Jodosoreaction  (pp.  83-84).  Grahl,  A.,  Ueber  Jod-  und  Jodosoisophtalsaure  (pp.  84-90). 
Langmuir,  A.  C.,  Ueber  jodirte  und  jodosirte  Benzolsulfosauren  (pp.  90-97).  McCrae, 
/.,  Ueber  die  Jodoniumbasen  aus  p-Jodtoluol  (pp.  97-99).  Wilkinson,  L.  W.,  Ueber 
die  Jodoniumbasen  aus  p-Chlorzodbenzol  (pp.  99-101). 

Band  li.  Nos.  1-2.  Journal  fur  praktische  Chemie.  (31st  December,  1894.) 

Stavenhagen ,  A„  Beitrage  zur  Kenntniss  der  Arsenite  (pp.  1-43).  V.  Rothenburg,  R., 
Synthetische  Versuche  in  der  Pyrazolreihe  (pp.  43-80).  Claus,  Ad.,  Zur  Discussion  fiber 
das  isomere  Diazobenzolkaliumsulfis  (pp.  80-91).  Edinger,  A.,  Zur  Kenntniss  am  Stick- 
stoff  geschwefelter  aromatischer  Amine  (pp.  91-97).  Serono,  C.,  Ueber  das  Pyroantimon- 
oxyhydrat  (pp.  97-100).  Schon,  V.  C.,  Ueber  zwei  neue  Laboratoriumsapparate  (pp. 
100-102).  Jonssen,  ]/V.  J.,  und  Van  de  Stadt,  E .,  Ueber  die  Bindungswarme  des 
Krystallwassers  von  organischen  Verbindungen  (pp.  102-107).  Walter,  J.,  Einige 
Oxydationsversuche  durch  theilweise  Verbrennung  (pp.  107-111).  Purgotti,  A.,  Bemer- 
kung  zur  Arbeit  der  Herren  Curtius  und  Dedichen  Synthesen  von  Benzolhydrazinen 
mittelst  Hydrazinhydrat  (pp.  111-1x2). 

Band  xv.  Heft  9.  Monatshefte  fiir  Chemie  und  V erwandte  Thiele  andeve  Wissen- 

schaften.  (31st  December,  1894.) 

Pribram,  R.,  und  Gliickstnann,  C.,  Ueber  die  Bildung  von  a-Naphtoldethiocarbonsaure  (pp. 
605-613).  Herzig,  J.,  und  Meyer,  H.,  Ueber  den  Nachweis  und  die  Bestimmung  des  an 
Stickstoff  gebundenen  Alkyls  (pp.  613-627).  Mach,  H.,  Untersuchungen  fiber  Abietin- 


ENUMERATION  OF  TITLES . 


IX 


saure  II.  (pp.  627-645).  Cohn,  P.,  Ueber  einige  Derivate  des  Phenylindoxazens  I.  (pp. 
645-665).  Roithner,  E.,  Zur  Kenntniss  des  Aethylenoxydes  (pp.  665-683).  Herzig, 
Studien  fiber  Querciten  und  seine  Derivate  X.  (pp.  683-700).  Herzig,  /.,  und  Poliak,  /., 
Ueber  die  Einwirkung  von  Alkalien  auf  Bromirte  Phloroglucinderivate  (pp.  700-704). 

Band  viii.  Heft  1  und  2.  Zeitschrift  fiir  Anorganische  Chemie.  (20th  Dec.,  1894.) 

Winkler,  C.,  Die  Atomgewichte  von  Nickel  und  Kobalt  (pp.  1-12).  Traube,  /.,  Das  atomare 
und  molekulare  Losungsvolumen  (pp.  12-77).  Traube,  /.,  Die  Grundlagen  eines  neuen 
Systems  der  Elemente  (pp.  77-81).  Schneider,  E.  A.,  Kritische  Studien  auf  dem  Gebiete 
der  Chemie  des  Titans  (pp.  81-98).  Schneider ,  E.  A.,  Ueber  die  Art  der  Einwirkung  von 
trockenem  Chlorwasserstoff  auf  Serpentin  (pp.  98-103).  Kurnakow,  N.,  Ueber  den 
Einfluss  der  Hydratation  auf  die  Loslickeit  (pp.  103-115).  Piccini,  H. ,  Ueber  die 
Losungen  des  griinen  Chromchlorids  CrCL.  6  H20.  (pp.  115-121).  Lea,  M.  C.,  Ueber 
einige  neue  Darstellungsmethoden  von  Platinchloriden  und  die  wahrscheinliche  Existenz 
eines  Platinsubchlorides  (pp.  121-126).  Campbell,  G.  F.,  Ueber  die  Doppel-Chloride- 
Bromide  und  -Jodide  des  Casiums  mit  Kobalt  und  Nickel  (pp.  126-129). 

Band  xvi.  Heft  1.  Zeitschrift  fiir  Physikalische  Chemie.  (29th  Jan.,  1895.) 

Guldberg,  C.  M.,  Das  Molekularvolum  bei  absolutem  Nullpunkt  (pp.  1-18).  Pictet,  R.,  und 
Altschzil,  M.,  Die  Gefrierpunkte  von  verschiedenen  Fliissigkeitsgemengen  (pp.  18-24). 
Altschul ,  M.,  und  Von  Schneider ,  B.,  Ueber  die  Gefrierpunkte  einiger  organischer 
Fliissigkeiten  (pp.  24-26).  Pictet ,  R.,  und  Altschul,  M.,  Die  kritische  Temperatur  als 
Kriterium  der  chemischen  Reinheit  (pp.  26-29).  Schonrock ,  O.,  Ueber  die  elektro- 

magnetische  Drehung  der  Polarisationsebene  in  Losungen  des  Chlorwasserstoffes  (pp. 
29-45).  Jahn,  H.,  und  Schonrock,  O.,  Beitrage  zur  Thermodynamik  der  galvanischen 
Polarisation  (pp.  45-72).  Jahn ,  H.,  Ueber  die  Abhangigkeit  des  Dissociationszustandes 
einiger  Saurer  der  Fettreihe  von  der  Temperatur  (pp.  72-91).  Tammann,  G.,  Ueber  die 
Volumanderung  bei  der  Neutralisation  verdiinnter  Losungen  (pp.  91-97).  Petrini,  H., 
Spezifische  Warme  der  Gase  (pp.  97-118).  Swarts,  Er.,  Einige  Betrachtungen  fiber 
elektrische  Leitfahgkeitskurven  (pp.  118-125).  Noyes,  A.  A.,  und  Abbot,  C.  G.,  Eine 
Prufung  der  Prinzipe  der  Loslichkeitsbeeinflussung  und  ein  Vergleich  der  daraus  und  aus 
der  elektrischen  Leitfahigkeit  berechneten  Dissociationswerte  (pp.  125-139).  Tammann, 
G.,  Ueber  die  Volumenanderung  bei  der  Neutralisation  (pp.  139-147).  Thiete,  E., 
Spektrophotometrische  Untersuchung  der  verschiedenfarbigen  Jodlosungen  (pp.  147-156). 
Kuster,  F.  W. ,  Ueber  die  blaue  Jodcholalsaure  (pp.  156-179). 

Anno  24.  Vol.  ii.  Fascicolo  6.  Gazetta  Chimica  Italiana.  (5th  Jan.,  1895.) 

Errera,  G.,  Azione  della  idrossilamina  sull’  anidride  ftalica  (pp.  469-474).  Giorgis,  G. ,  Sul 
carbonato  acido  di  tallio  (pp.  474-480).  Bartolotti,  P. ,  Azione  del  permanganato  potassico 
e  dell’acido  jodidrico  e  fosforo  rosso  sulla  rottlerina  (pp.  480-484).  Carra?'a,  G.,  e 
Gennari,  G.,  Ancora  sulla  dissociazione  elettrolitica  in  relazione  col  potere  rotatorio  ottico 
(pp.  484-491).  Biginelli,  P.,  Cumarine  carbossilate  e  nuova  sintesi  di  cumarine  (pp. 
491-504).  Carrara,  G.,  Dissociazione  elettrolitica  e  legge  della  diluizione  nei  solventi 
organici  (pp.  504-535).  Carrara,  G Sopra  una  reazione  colorata  del  carbazolo  (pp.  535- 
541).  Paternd,  E.,  Sul  polimerico  dell’epicloridrina  (pp.  541-545)-  Piccini,  A.,  Sulle 
soluzioni  di  cloruro  cromico  verde  Cr  Cl3.  6  H20.  (pp.  545-551)-  Schiff, \  R.,  e  Tarugi, 
N.,  Exclusione  dell’idrozeno  solforata  dall’analisi  qualitativa  (pp.  55X-5S4)- 


APPENDIX  I. 


NOTICES  OF  BOOKS. 

Text-Book  of  the  Diseases  of  Trees.  By  Professor  R.  Hartig.  Translated  by  William 
Somerville,  D.CEc. ,  B.Sc. ,  F.  R.S.E. ,  F.  L.S.  Revised  and  edited  with  a  Preface  by 
H.  Marshall  Ward,  D.Sc.,  F.R.S.,  F.L.S.,  F.R.H.S.  Macmillan  &  Co.,  1894. 

Few  names  have  become  more  intimately  indentified  with  any  special  branch  of  scientific 
inquiry  than  has  that  of  Hartig  with  Vegetable  Pathology,  and  more  particularly  with  that 
section  of  it  which  relates  to  the  diseases  of  forest  trees.  It  is  with  great  pleasure  then  that  we 
welcome  the  translation  of  the  well-known  German  text-book  on  this  subject.  No  one  is 
more  thoroughly  qualified  to  command  attention  in  this  department  than  Professor  Hartig 
himself,  for  it  is  in  no  small  degree  owing  to  the  magnificent  work  which  has  been 
accomplished  by  him,  that  Forestry  has  become  raised  to  the  rank  of  a  science  which  has 
successfully  established  its  claim  to  recognition  wherever  the  management  of  timbered  estates 
is  intelligently  conducted. 

It  is  greatly  to  be  hoped  that  the  appearance  of  an  English  edition  of  the  Lehrbuch  may 
serve  to  promote  a  more  active  interest  in  the  whole  subject,  and  that  it  may  in  so  far  prove 
effective  in  overcoming  the  ignorance  and  mismanagement  which  unfortunately  still  characterise 
the  administration  of  most  of  the  woods  and  forests  in  this  country. 

The  book  treats  mainly  of  the  injuries  caused  by  parasites  (chiefly  fungi)  to  timber  ;  and 
a  brief  account  of  the  life  history  of  these  is  usually  given,  in  so  far  as  it  is  of  interest  from  the 
point  of  view  of  pathology.  Furthermore,  remedial  measures  are  frequently  indicated,  so 
that  not  only  is  the  book  likely  to  be  of  use  to  the  student,  but  it  should  also  prove  of  indis¬ 
pensable  value  to  the  practical  forester  who  has  woodlands  and  forests  under  his  charge. 

A  Pocket  Flora  of  Edinburgh  and  the  Surrounding  District.  By  C.  O.  Sonntag. 

Williams  &  Norgate,  1894. 

This  little  book  may  prove  useful  to  persons  who  wish  to  become  acquainted  with  the 
plants  of  the  Edinburgh  district.  The  area  dealt  with  includes  a  considerable  portion  of  East 
Scotland  south  of  the  Firth  of  Forth.  Keys  to  the  natural  orders  and  genera  are  given,  and 
to  the  description  of  the  species,  localiities  and  period  of  flowering  are  appended. 

The  Genus  Salpa.  By  W.  K.  Brooks,  Ph.D.,  LL.D.,  Professor  in  the  Johns  Hopkins 
University,  and  Director  of  its  Marine  Laboratory.  Baltimore :  Johns  Hopkins 
Press,  1893. 

This  magnificent  and  important  work  of  396  pp. ,  quarto,  with  57  coloured  plates,  is  the 
second  memoir  from  the  Biological  Laboratory  of  the  Johns  Hopkins  University.  It  is 
based  upon  the  study  of  material  for  the  greater  part  gathered  and  preserved  at  sea,  by 
persons  in  charge  of  vessels  of  the  U.S.  Fish  Commission  ;  and  the  author  acknowledges  his 
indebtedness  to  the  “  Bache  ”  Fund  of  the  National  Academy  of  Sciences.  The  monograph 
fulfils  the  promise  of  its  author’s  earlier  papers  on  the  same  subject.  It  opens  with  an 
introduction,  in  which  the  history  of  investigation  of  the  genus,  and  its  gross  structure,  haunts, 
habits,  and  physiology  are,  in  turn,  considered  ;  and  then  follow  three  sections  dealing  with 
(i.)  The  Life-History  of  Salpa;  (ii.)  The  Systematic  Affinity  of  the  Genus  in  their  relation  to 
the  Conditions  of  Primitive  Pelagic  Life,  the  Phylogeny  of  the  Tunicata,  and  the  Ancestry  ol 
the  Chordata,  and  (iii.)  The  Sexual  and  Asexual  Development  of  Salpa.  The  leading  refrain 
of  the  work  is  the  acquiescence,  with  modification,  to  Grobben’s  conclusion  that  Pyrosoma, 
Doliolum ,  and  Salpa  are  closely  related  forms,  which  have  had  a  Compound  Ascidian 
ancestry  ;  but  the  author  is  of  opinion  that  the  ancestor  did  not  possess  the  characters  of  any 
modern  group.  In  having  discovered  (i.)  that  both  in  Doliolum  and  Salpa  the  variations  of 
the  muscular  bands  are  such  as  to  render  untenable  the  subdivision  into  “  Cyclomyana  ’  and 
“  Desmo  ( Hemi )  myaria  ”  ;  (ii.)  that  the  “  elaeoblast”  of  Salpa  is  homologous  with  the  tail  of 
Doliolum ,  the  author  has  materially  strengthened  this  position,  not  a  new  one  for  these  two 
genera.  He  emphasises  the  fact  that  the  young  Salpa ,  especially  in  respect  to  its  apertures, 
is  much  like  a  fixed  Ascidian.  Showing  reason  for  regarding  the  “  embryo”  of  Salpa  as  a 
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true  embryo,  and  comparing  it  with  the  Cyathozooid  of  Pyrosoma ,  he  argues  that  the 
ancestors  of  Salpa  must  have  been  developed  from  a  yolk-laden  egg.  He  seeks  to  show 
that  the  atrium  of  Salpa  is  homologous  with  that  of  the  ordinary  Ascidians,  and  that 
its  ancestors  further  possessed  numerous  stigmatic  “  gill-slits  ”  of  the  Pyrosoma  type.  Arguing 
along  these  lines,  rejecting  his  earlier  surmise  that  Salpa  is  the  descendant  of  a  pelagic  free- 
swimming  organism,  he  points  out  that  it  owes  all  its  distinctive  structural  peculiarities  to  a 
sedentary  life,  and  deduces  the  conclusion  that  Salpa  is  related  to  the  Appendicularia  indirectly 
through  a  fixed  ancestral  form,  and  not  directly  as  Herdman  has  supposed  for  both  Salpa  and 
Doliolunu 

In  this  generalisation  the  author  is  supported  by  his  pupil,  Mr.  M.  M.  Metcalf,  Fellow 
of  the  Johns  Hopkins  University,  who  contributes  a  subsidiary  monograph  upon  “  The  Eyes 
and  Sub-Neural  Gland  of  Salpa  The  salient  feature  of  Mr.  Metcalf’s  very  careful  piece  of 
work  is  the  discovery  that  the  ganglion  of  Salpa  may  be  resolved  into  a  dorsal  portion 
homologous  with  the  adult  Ascidian  ganglion,  and  a  ventral  which  represents  the  ventral  wall 
of  the  visceral  portion  of  the  larval  Ascidian  nervous  system,  which  gives  rise  to  the  sub-neural 
gland.  Upon  this  basis  he  is  led  to  deny  the  homology  between  the  Salpa  eye,  and  that  of 
the  Tunicate  larva  and  the  pineal  eye  of  the  higher  vertebrata,  believing  the  first-named  to 
be  the  derivative  of  a  portion  of  the  nervous  system  not  represented  in  the  Ascidian  tadpole 
and  the  vertebrata. 

Dr.  Brooks  forcibly  attacks  the  belief  m  the  necessity  of  a  physiological  explanation  of 
metamerism,  which  has  entered  so  largely  into  recent  zoological  conceptions  and  theories  of 
the  inter-relationships  of  the  higher  groups  of  Metazoa.  Restricting  himself  to  a  discussion 
of  the  origin  of  those  pharyngeal  structures  especially  characteristic  of  the  Tunicata,  the 
author  proceeds  to  deal  with  the  “Anneliden  Hypothesis”  of  Dohrn  in  denunciatory  terms, 
and  he  leads  up  to  the  conclusion  that  metamerism  of  the  mesoderm  and  body-cavity  may 
have  resulted  from  the  duplication  of  a  single  pair  of  coelomic  pouches  probably  acquired  by 
the  ancestors  of  the  vertebrata  after  the  divergence  of  the  Tunicata.  This  definite  attitude  on 
the  part  of  a  worker  so  competent  to  assume  one  is  very  welcome,  now  that  the  ancestry  of 
the  vertebrata  is  much  under  discussion ;  and  both  in  his  arguments  and  evident  desire  to 
guard  against  the  dangers  of  a  too  seductive  “  degeneration  theory  ”  the  author  has  our  full 
sympathy.  Advocating  the  above-mentioned  views,  he  reverts  to  the  conception  of  the 
primitive  nature  of  pelagic  larvae,  and  opposes  that  of  the  secondary  origin  of  pelagic 
animals,  by  deviation  and  specialisation,  from  deeper  living  ancestors.  Working  along 
these  lines,  he  enters  into  a  discussion  of  “The  Origin  of  the  Chordata,  considered  in  its 
relation  to  Pelagic  Influences  In  the  course  of  this  and  other  portions  of  the  work  we  meet 
with  an  inclination  towards  the  recapitulation  theory  of  development,  and  that  on  what 
appear  to  us  sound  lines.  The  conclusions  are  reached  that  the  primitive  vertebrates  lived 
upon  or  near  the  bottom,  that  the  earliest  steps  in  the  evolution  of  the  vertebrate  classes  were 
made  there,  and  that  all  the  Metazoa  have  still  more  remotely  descended  from  small  pelagic 
ancestors.  Much  of  that  portion  of  the  book  dealing  with  topics  in  which  these  conclusions 
centre,  might  well  have  been  condensed  and  omitted  ;  and  it  is  irritating  to  find  in  a  treatise 
so  voluminous,  and  so  well  written  that  it  is  in  parts  almost  racy,  whole  passages  needlessly 
reiterated,  and  lengthy  analogies  to  the  affairs  of  daily  life  repeated  word  for  word. 

Among  the  more  striking  details  recorded  is  the  discovery  that  the  surface  of  the  Salpa 
body  is  delicately  sculptured,  and  unequally  thickened,  apparently  for  purposes  of  support 
and  restoration  to  shape  after  contraction  (facts  which  are  shown  to  have  an  important  bearing 
on  synonomy).  The  “  follicle  cells  ”  are  proved  to  be  morphologically  egg  cells  which  do  not 
become  fertilised,  and  the  embryo  is  shown  to  be  “blocked  out”  in  them  in  detail.  These 
cells,  however,  do  not  become  converted  into  the  tissues  of  the  definitive  embryo,  for  they  are 
used  up  as  food  for  the  true  embryo  cells,  some  of  them  wandering  into  the  blastomeres 
during  segmentation,  others  being  said  to  migrate  even  into  the  ovarian  eggs  before 
fertilisation,  to  give  rise  to  the  much  discussed  “test-cells”  of  earlier  investigators.  For 
both  these  follicle  cells  and  the  placenta  a  nutritive  function  is  claimed,  and  the  author 
discards,  on  sufficient  grounds,  the  notion  that  the  placenta  is  a  respiratory  organ,  and  in  any 
important  respect  comparable  to  that  of  the  mammalia.  Dr.  Brook’s  work  on  the  follicle  cells 
has  been  already  confirmed  by  Heider,1  and  as  Mr.  Metcalfs  contribution  passed  through  the 
press,  Goppert  published  2  a  paper  on  the  eye  of  Salpa,  which  peculiarly  agrees  with  his  in 

1  Abhandlg.  Senckenbg.  Naturf.  Gesellsch.,  bd.  xviii.,  p.  367. 

2  Morpholg.  Jahrb.,  bd.  xix. ,  p.  250. 
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its  results.  The  Brooks-Metcalf  monograph  will  remain  a  standard  work  of  reference  on  the 
subject  with  which  it  deals,  and  the  drawings  which  accompany  it,  although  a  little  crude  at 
times,  are  so  colouied  as  to  facilitate  ease  of  identification  of  the  complex  parts  delineated. 

An  Introduction  to  Physical  Measurements.  By  Dr.  F.  Kohlrausch.  Pp.  476.  London: 

J.  &  A.  Churchill,  1894. 

The  original  German  edition  of  this  work  appeared  in  1869,  and  was  therefore  one  of 
the  very  first  manuals  for  use  in  the  physical  laboratory.  In  spite  of  its  numerous  competitors 
at  the  present  time,  there  can  be  no  better  proof  of  its  merits  than  the  fact  that  it  still  holds  its 
own  as  a  laboratory  guide  ;  the  volume  under  notice  being  a  translation  of  the  seventh  German 
edition,  and  the  third  edition  appearing  in  English.  As  is  well  known,  the  book  is  only 
intended  for  use  in  actual  practice,  and  contains  clear  and  concise  accounts,  shorn  of  all 
technical  detail,  of  the  apparatus  and  methods  employed  in  a  complete  course  of  instruction 

In  the  present  edition'  new  methods,  such  as  those  dealing  with  solutions,  have  been 
added,  but  its  main  feature  is  the  introduction  of  explanations  and  directions  which  refer 
rather  to  investigation  and  research  than  to  the  practice  necessary  for  students. 

A  Text-Book  of  Magnetism  and  Electricity .  By  R.  W.  Stewart,  D.Sc.  (Lond.).  Second 
edition.  Pp.  344.  London  :  University  Correspondence  College  Press. 

This  book  is  written  for  students  preparing  for  the  Intermediate  Science  and  less 
advanced  examinations  of  the  University  of  London.  Although  it  is  constructed  on  the  lines 
°f  a  “  cram  ”  book,  it  is  only  fair  to  say  that  it  is  one  of  the  best  of  its  kind.  Under  the 
limitations  laid  down  by  the  author,  it  is  a  clearly  written  and  satisfactory  introduction  to 
electricity  and  magnetism. 

A  Text-Book  of  Dyjiamics.  By  W.  Briggs,  M.A.,  LL.B.,  F.R.A.S.,  and  G.  H.  Bryan,  M.A. 
Pp.  192  and  xiv.  London  -  University  Correspondence  College  Press. 

This  is  a  sound  elementary  exposition  of  the  principles  of  dynamics,  treated  with  the 
minimum  amount  of  mathematics,  and  illustrated  by  means  of  well-chosen  examples  and 
phenomena  familiar  to  the  reader. 
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Vol.  xvii.  No.  3.  Journal  of  the  American  Chemical  Society .  (March,  1895.) 

Wiley,  H.  W.,  The  Synthetic  Food  of  the  Future  (pp.  155-178).  Pemberton,  H.,  The  Deter¬ 
mination  of  Phosphoric  Acid  (pp.  178-181).  Lunge,  G.,  On  the  Estimation  of  Sulphur  in 
Pyrites  (181-187).  Squibb,  E.  R.,  Improvement  in  the  Manufacture  of  Acetone  (pp.  187- 
201).  Clarke,  F.  W.,  Report  of  Committee  on  Atomic  Weights,  published  during  1894 
(pp.  201-213).  Bigelow,  W.  D.,  Colouring  Matter  in  the  California  Red  Wine  (pp.  213- 
218).  Bowen,  H.  C.,  The  Penetration  Machine— An  Explanation  (pp.  218-219). 

Vol.  lxvii.  No.  388.  Journal  of  the  Chemical  Society.  (March,  1895.) 

Ling ,  A.  R.,  and  Baker,  J.  L.,  Octacetylmaltose  (pp.  212-215).  Collie ,  J.  N.,  Action  of 
Heat  on  Ethylic  /3-Amidocrotonate  II.  (pp.  215-226).  Divers,  E.,  The  Acid  Sulphate  of 
Hydroxylamine  (pp.  226-227).  Hada,  S.,  Mercury  and  Bismuth  Hypophosphites  (pp. 
227-230).  Perkin,  A.  G.,  Kamala  II.  (pp.  230-239).  Littleton,  F.  T.,  Remarkable 

Molecular  Change  in  a  Silver  Amalgam  (pp.  239-242).  Walker,  C.,  Chemical  Com¬ 

position  of  two  Silver  Ornaments  from  Inca  Graves  at  Chimbote,  Peru  (pp.  242-246). 
MacCallum,  W.,jun.,  Derivatives  of  Ethylorthotoluidine  (pp.  246-251).  Haga,  T.,  and 
Osaka,  Y. ,  Acidimetry  of  Hydrogen  Fluoride  (pp.  251-255). 

Vol.  xiv.  No.  1.  Journal  of  the  Society  of  Chemical  Industry.  (31st  Jan.,  1895.) 

Attfield ,  D.  H.,  An  Investigation  of  the  Natural  Solidified  Sodium  Sulphate  Lakes  of  Wyom¬ 
ing,  U.S.A.  (pp.  3-8).  Flintojf,  R.  /.,  Note  on  the  Formation  of  Magenta  during  the 
Development  of  Aniline  Black  on  Cotton  (pp.  8-9).  Foster,  R.  N.,  The  Prevention  of 
Smoke  Arising  from  Intermittent  Firing  in  Various  Processes  of  Chemical  and  Allied  In¬ 
dustries  (pp.  9-12). 

Vol.  xxxix.  No.  238.  Philosophical  Magazine  and  Journal  of  Science. 

(March,  1895.) 

Dewar,  /.,  On  the  Liquefaction  of  Gases  (pp.  298-305).  Prytz,  K.,  An  Experiment  with  Solid 
Carbonic  Acid  (p.  308). 

Series  7.  Tome  iv.  Annales  de  Chimie  et  de  Physique.  (March,  1895.) 

Guerbet,  Contribution  a  l’Etude  de  l’acide  campholique  (pp.  289-365).  Moissan,  H.,  Sur 
quelques  modeles  nouveaux  de  fours  Electriques  a  reverbEre  et  a  Electrodes  mobiles  (pp. 
365-391).  Gossart,  E.,  CalEfaction  et  capillaritE  (pp.  391-424).  Savelief  R.,  Sur  le  degrE 
de  precision  que  Ton  peut  atteindre  dans  les  observations  actinomEtriques  (pp.  424-429). 
Berthelot,  Remarques  sur  l’inertie  des  agents  oxydants  ou  rEducteurs  dans  les  analyses  par 
voie  humide  (pp.  429-432).  \ 

Tome  xiii.-xiv.  No.  4.  Bulletin  de  la  Societe  Chimique  de  Paris. 

(20th  Fevrier,  1895.) 

Villiers,  A.,  Sur  les  sulfures  de  nickel  et  de  cobalt  (pp.  165-170).  Villiers,  A.,  Sur  la  sEpara- 
tion  qualitative  du  nickel  et  du  cobalt  (pp.  170-171).  Villiers ,  A.,  Sur  l’Etat  protomor- 
phique  ;  sulfures  de  zinc  et  de  manganese  (pp.  171-175).  Athanasesco,  Recherches  sur  les 
nitrates  basiques  (pp.  175-182).  Guye,  Ph.  A.,  et  Jeanpi-etre,  /.,  Sur  l’acide  octylique 
2-Ethyl-4-mEthylpentanoi'que  (pp.  182-186).  Welt,  /.,  Sur  l’acide  amylacEtique  actif  et 
quelques-uns  de  ses  dErivEs  (pp.  186-190).  Guye,  Ph.  A.,  et  Fayollat ,  /.,  Contribution  E 
l’Etude  des  Ethers  tartriques  (pp.  190-209).  Cambier ,  R.,  et  Brocket,  A.,  Sur  1’hexamE- 
thylene-tEtramine  (pp.  209-214).  Reverdin ,  F.,  Sur  un  nouveau  procEdE  de  fabrication 
de  l’acide  a-naphtolsulfonique  Ct  0H6  .  OH.  HS03.  1-4  (pp.  214-218).  Prud' hojnme,  M., 

Sur  les  matiEres  colorantes  sulfonEes  dErivEes  du  triphEnylmEthane  (pp.  218-222).  DeiP 
pine,  Insuffisance  de  la  mEthode  de  Kjeldahl  pour  le  dosage  de  l’azote  dans  les  chloropla- 
tinates  (pp.  222-223). 
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Tomes  xiii.-xiv.  No.  5.  (5th  Mars,  1895.) 

Berlemont ,  Regulateur  de  temperature  (pp.  228-229).  Thomas ,  F,  Sur  quelques  derives 
d’addition  du  perchlorure  de  fer  et  du  bioxyde  d’azote  (pp.  229-231).  Colson ,  Others 
cyands  et  nitrites  d’alcools  (pp.  231-238).  Juillard ,  F,  Sur  l’acide  dioxystdarique 
naturel  (pp.  238-240).  Juillard,  P.,  Sur  la  triricenoieine  ;  ses  ethers,  sa  synthase  (huile  de 
ricin  artificielle)  (pp.  240-247).  Lefevre ,  L. ,  Sur  la  constitution  du  vert  k  l’iode  (pp.  247- 
252)-  Bei  trand,  G. ,  et  Mallkvre ,  A.,  Recherches  sur  la  pectase  et  sur  la  fermentation 
pectique  II.  (pp.  252-256). 

Tome  cxx.  No.  6.  Comptes  Rendus  hebdomadaires  de  V Academie  des  Sciences. 

(nth  February,  1895.) 

Per  the  lot,  et  Andre ,  G.,  Sur  la  presence  de  l’alumine  dans  les  plantes  et  sur  sa  repartition 
(pp.  288-290).  Moissan,  H.,  Preparation  et  proprietds  du  titane  (pp.  290-296).  Haller , 
A.,  et  Guyot,  A .,  Sur  quelques  derives  de  phenolphtaieine  (pp.  296-299).  Ponsot,  A., 
Sur  l’abaissement  du  point  de  congelation  des  dissolutions  etendues  de  chlorure  de 
sodium  (pp.  3x7-320).  Ditte ,  A.,  Sur  le  sulfure  d’or  (pp.  320-322).  Villiers,  A.,  Sur 
une  methode  pour  determiner  la  cristallisation  des  precipites.  Sulfure  de  zinc  et  de 
manganese,  hydrate  d’oxyde  de  cuivre  (pp.  322-325).  Jungfleisch,  E.,  et  Uger  E., 
Sur  la  cinchonigine  ;  dimorphisme  d’un  compose  presentant  le  pouvoir  rotatorie  moiecu- 
laire  specifique  (pp.  325-328).  Etard ,  A.,  Pluralite  des  chlorophylles.  Deuxieme 
chlorophylle  isolde  dans  la  luzerne  (pp.  328-331).  Rosenstiehl ,  A.,  Comparaison  entre  les 
derives  colords  et  les  derives  incolores  de  rhexamethyl-triamido-triphenylmethane  (pp. 
33!-333)-  Henry ,  L.,  Sur  un  ether  d’un  genre  nouveau  ;  le  lactate  de  methylfione  (pp. 

333-335)- 

Tome  cxx.  No.  7.  (18th  February,  1895.) 

Gautier ,  A.,  Sur  la  pluralite  des  chlorophylles.  Remarques  a  propos  de  la  Note  de  M. 
Etard  7pP-  355-356)-  Girard ,  A.,  Sur  le  dosage  des  composes  tanniques  (pp.  358-361), 
De  Boisbaudran,  L.,  Remarques  sur  les  poids  atomiques  (pp,  361-362).  Vigouroiix,  Sur 
les  proprietes  du  silicium  amorphe  (pp.  367-370).  Lindet,  L.,  Sur  l’oxydation  du  tanin 
de  la  pomme  k  cidre  (pp.  370-372).  Rocques,  Sur  la  composition  et  l’analyse  des  eaux-de- 
vie  (pp.  372-374).  Lecomte ,  H.,  et  Herbert ,  A.,  Sur  les  graines  de  Moabe  (pp.  374-377). 
Dufet,  H.,  Sur  les  ferrocyanure,  ruthenocyanure  et  osmiocyanure  de  potassium  (pp.  377. 
379)- 

Tome  cxx.  No.  8.  (25th  February,  1895.) 

Haller ,  A.,  et  Muller ,  Th.  P.,  Etude  ebullioscopique  de  certains  colorants  du  triphenyl- 
methane  (pp.  410-413),  Ponsot,  A.,  Abaissement  du  point  de  congelation,  et  diminution 
relative  de  la  tension  de  vapeur  dans  les  dissolutions  dtendues  (pp.  434-436).  Leduc,  A., 
Sur  l’abaissement  du  point  de  congelation  des  dissolutions  tres  dilutes  (pp.  436-439). 
Charpentier ,  P,,  Sur  un  pressomdtre  sensible,  pour  la  mesure  des  pressions  des  fluides 
(pp.  439-441).  Lemoine,  G.,  Mesure  de  l’intensite  de  la  lumiere  par  Taction  chemique 
produite  ;  experiences  avec  les  melanges  de  chlorure  ferrique  et  d’acide  oxalique  (pp. 
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Annals  of  Bi'itish  Geology,  1893.  A  digest  of  the  books  and  papers  published  during  the 
year;  with  an  introductory  review.  By  J.  F.  Blake,  M.A.,  F.G.S.  London:  Dulau 
&  Co.,  1895. 

British  geologists  are  to  be  congratulated  on  having  presented  to  them  in  so  convenient 
a  form  a  resumd  of  the  work  published  during  the  year.  The  volume  contains  abstracts  of  no 
fewer  than  730  books  and  papers,  and  forms  an  invaluable  guide  to  those  who  have  access  to 
the  originals,  whilst  to  those  who  have  not  such  access  the  abstracts  will  in  most  cases  furnish 
all  the  information  necessary.  The  value  of  the  work  is  much  increased  by  the  presence  of 
figures,  most  of  which  illustrate  newly-described  species  of  fossils,  and  are  reproduced  by 
photography  from  the  original  drawings.  Several,  however,  are  woodcuts,  and  these  are 
mainly  used  to  illustrate  sections. 

Of  considerable  value  is  the  introductory  review,  which  occupies  twenty-four  pages,  and 
in  which  the  author  classifies  and  criticises  the  more  important  publications  of  the  year.  The 
work  may  be  cordially  recommended  to  those  engaged  in  the  study  of  geology. 

Collected  Papers  on  some  Controverted  Questions  of  Geology.  By  Joseph  Prestwich,  D.C.L. 

(Oxon.),  F.R.S.,  F.G.S.  London:  Macmillan  &  Co.,  1895. 

The  present  volume  consists  of  a  series  of  reprints  from  the  Nineteenth  Century ,  the 
Quarterly  Journal  of  the  Geological  Society,  the  Journal  of  the  Anthropological  Institute,  and 
the  Proceedings  of  the  Royal  Society. 

The  first  two  articles  are  devoted  to  a  consideration  of  geological  time,  Professor  Prest¬ 
wich  setting  forth  his  well-known  views  as  to  the  uniformity  of  geological  changes  through  all 
time.  The  opinion  most  prevalent  in  England  up  to  the  present  time  has  been  that  the 
agencies  concerned  in  causing  changes  at  the  surface  of  the  globe  have  acted  with  perfect 
uniformity,  not  only  so  far  as  the  kind  of  action  is  concerned,  but  also  with  regard  to  the  rate 
at  which  these  changes  were  produced,  and  only  a  comparatively  few  years  ago  the  number 
of  English  geologists  who  regarded  any  variation  in  this  rate  as  probable  might  easily  be 
counted  on  the  fingers  of  one  hand.  At  the  present  time,  however,  there  seems  a  tendency  to 
admit  the  possibility  of  a  faster  rate  of  change  in  the  conditions  of  increased  precipitation  and 
heightened  temperature  which  existed  at  former  periods  of  the  world’s  history,  and  this  would 
be  an  approach  to  the  position  maintained  by  Professor  Prestwich,  viz. ,  that  there  has  always 
existed  uniformity  in  kind,  but  no  uniformity  in  degree. 

The  second  paper  deals  with  the  above  consideration  in  conjunction  with  Croll’s  theory  as 
to  chronological  measurements  as  bearing  on  the  antiquity  of  man. 

The  third  paper  deals  with  the  age  of  plateau  man,  whilst  the  agency  of  water  in 
volcanic  eruptions  is  treated  in  the  fourth,  an  attempt  being  made  to  show  that  the  cause  of 
the  vast  escape  of  steam  from  active  volcanoes  is  not  that  water  exists  occluded  in  the  lava  at 
the  volcanic  foci,  but  that  the  waters  are  surface  waters,  which  in  their  descent  come  in  contact 
with  the  lava  in  the  duct  of  the  volcano  as  it  approaches  the  surface. 

The  questions  of  the  thickness  of  the  earth’s  crust  and  the  rate  of  increase  of  temperature 
on  descending  through  that  crust  are  treated  and  discussed  in  the  two  last  articles. 

Professor  Prestwich’s  views  on  these  subjects  are  always  welcome,  and  geologists  will  be 
glad  to  have  the  present  set  of  collected  papers  put  into  their  hands  in  a  convenient  and 
easily  accessible  form. 

A  Popular  Treatise  on  the  Physiology  of  Plants.  By  Dr.  Paul  Sorauer,  Director  of  the  Ex¬ 
perimental  Station  at  the  Royal  Pomological  Institute  in  Proskau  (Silesia).  Translated 
by  F.  E.  Weiss,  B.Sc.,  F.L.S. ,  Professor  of  Botany  at  the  Owens  College,  Manchester. 
London :  Longmans,  Green,  &  Co.,  1895. 

If  it  is  to  the  inconvenience  experienced  by  Professor  Weiss  from  the  want  of  a  text-book 
suitable  for  his  gardener-students  at  Manchester  that  we  owe  the  present  translation  of  Dr. 
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Sorauer’s  excellent  book,  we  must  regard  it  as  an  example  of  the  old  saying  that  “it  is  an  ill 
wind  that  blows  nobody  any  good”.  For  though  there  will  always  be  a  large  number  of 
gardeners  in  England  who  will  continue  to  practise  their  calling  entirely  by  rule  of  thumb, 
nevertheless  the  advance  of  education  is  undoubtedly  leading  to  a  feeling  on  the  part  of  many 
that  they  would  do  better  for  their  charges  if  they  knew  more  about  them,  and  in  many  cases 
the  knowledge  is  desired  also  for  its  own  sake.  As  the  demand  for  advanced  instruction 
arises,  the  supply  will  follow,  and  to  any  one  who  is  engaged  in  organising  classes  in  conse¬ 
quence  of  this  demand,  we  can  cordially  recommend  as  a  text-book  the  volume  which  forms 
the  subject  of  the  present  notice. 

Arranged  upon  a  clear  and  comprehensive  plan,  clearly  written,  and  conveniently  broken 
up  into  sections  with  appropriate  headings,  the  book  is  one  which  will  appeal  strongly  to 
practical  men,  as  in  it  they  may  find  in  simple  language  answers  to  questions  which  must  con¬ 
stantly  recur  in  the  ordinary  course  of  their  work.  Dr.  Sorauer’s  many  years’  experience  in 
connection  with  an  institution  engaged  in  training  practical  men  has  stood  him  in  good  stead 
here,  and  he  obviously  understands  perfectly  well  how  to  appeal  to  unscientific  readers  by 
writing  in  a  somewhat  popular  style.  It  must,  however,  be  confessed  that  there  are  a  few 
errors,  or  at  anyrate  misleading  statements,  which  here  and  there  meet  the  reader,  and  it  is 
perhaps  to  be  regretted  that  Professor  Weiss  did  not  exercise  editorial  discretion  in  these 
cases  a  little  more  severely.  In  other  respects,  however,  he  has  performed  his  task  in  a 
workmanlike  manner,  and  the  translation  runs  easily  and  well.  The  figures  also  are  clear 
and  good,  a  point  of  much  importance  in  a  work  like  the  present. 
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Vol.  xvii.  No.  3.  American  Chemical  Journal  (March,  1895.) 

Richards ,  T.  W.,  and  Whitridge,  A.  H.,  On  the  Cupriammonium  Double  Salts  (pp.  145-152). 
Richards ,  T.  W.,  The  Composition  of  Athenian  Pottery  (pp.  152-154).  Jones ,  H.  C. , 
A  Redetermination  of  the  Atomic  Weight  of  Yttrium  (pp.  154-164).  Campbell ,  E.  D., 
and  Andrews,  W.  H.,  Separation  of  Nickel  and  Iron  (pp.  164-167).  Gibbs,  IV.,  Re¬ 
searches  on  the  Complex  Inorganic  Acids  (pp.  167-185).  Bartlett,  E.  J.,  and  Merrill, 
W.  H.,  Cupric  Hydride  (pp.  185-189).  Norris,  R.  S.,  Action  of  Light  on  Lead  Bromide 
(pp.  189-191).  Stone,  W.  E.,  The  Action  of  Ammonia  upon  Dextrose  (pp.  191-196). 
Stone ,  W.  E.,  The  Carbohydrates  of  the  Gum  of  Acacia  Decurrens  (pp.  196-199). 

Vol.  xvii.  No.  4.  Journal  of  the.  American  Chemical  Society .  (April,  1895.) 

Handy,  J.  O. ,  The  Superiority  of  Barium  Hydroxide  Solution  as  an  Absorbent  in  Carbon 
Determinations  in  Steel  (pp.  247-251).  Norton,  T.  H.,  The  Contributions  of  Chemistry  to 
the  Methods  of  Preventing  and  Extinguishing  Conflagration  (pp.  251-260).  McElroy,  K. 
P .,  Note  on  the  Estimation  of  Iron  and  Alumina  in  Phosphates  (pp.  260-263).  Blomdn,  J. 
E.,  Some  Practical  Points  in  the  Manufacture  of  Nitroglycerol  (pp.  263-277).  Barton, 

G.  E.,  Methods  for  the  Examination  of  Glycerol  for  use  in  the  Nitroglycerol  Manufacture 
(pp.  277-280).  Whitehead,  C.,  Estimation  of  Tellurium  in  Copper  Bullion  (pp.  280-281). 
Horton,  H.  E.,  The  Use  of  Sulphurous  Acid  (HNa  S03)  in  Manufacture  of  Glucose 
Syrup  and  Grape  Sugar  (pp.  281-286).  Ci'oss,  C.  F.,  Bevan,  E.  J.,  and  Beadle ,  C.,  The 
Furfurol-Yielding  Constituents  of  Plants  (pp.  286-289).  Twitchell,  E.,  The  Separation  of 
Solid  and  Liquid  Fatty  Acids  (pp.  289-296).  Bachman,  /.  A.,  Improved  Methods  of 
Water  Analysis  (pp.  296-304).  Andrews,  W.  W. ,  A  Cheap  Form  of  Self- Regulating  Gas 
Generator  (pp.  304-306).  Venable ,  F.  P.,  and  Clai'ke,  T.,  Some  of  the  Properties  of 
Calcium  Carbide  (pp.  306-310).  Shimer,  P.  W.,  Note  on  the  Determination  of  Zinc  (pp. 
310-312).  Weber,  H.  A.,  and  McPherson,  W.,  On  the  Determination  of  Cane  Sugar  in 
the  Presence  of  Commercial  Glucose  (pp.  312-320).  Weber,  H.  A.,  and  McPherson,  W., 
On  the  Action  of  Acetic  and  Hydrochloric  Acids  on  Sucrose  (pp.  320-327).  Clark ,  E., 
Method  of  Determining  Chromium  in  Chrome  Ore  (pp.  327-330). 

Vol.  xx.  No.  228.  The  Analyst.  (March,  1895.) 

Hehner,  O.,  On  the  Determination  of  the  Bromine  Absorption  of  Fats  Gravimetrically  (pp. 
49-54).  Richmond,  H.  D.,  The  Composition  and  Analysis  of  Milk  and  Milk  Products 
(pp.  54-57).  Richmond,  H.  D.,  The  Relation  between  Specific  Gravity,  Fat  and  Solids- 
not-Fat  in  Milk  (pp.  57-58).  Richmond,  H.  D .,  Waumend’s  Tests  for  Oils  (58-59). 

Vol.  lxvii.  No.  389.  Journal  of  the  Chemical  Society.  (April,  1895.) 

Perkin,  W.  H.,  The  Magnetic  Rotation  of  some  Unsaturated  Hydrocarbons  (pp.  255-264). 

Bentley,  W.  H.,  /3/3-Methyl-ethylpropionic  acid  ^'^3->CH'CH2'COOH  (pp.  264-268). 

Reddrop,  J.,  and  Ramage,  H.,  Volumetric  Estimation  of  Manganese  (pp.  268-277). 
Bloxam,  W.  P.,  The  Sulphides  and  Polysulphides  of  Ammonium  (pp.  277-309).  Brown, 

H.  T. ,  and  Morris,  G.  H.,  Note  on  the  Action  of  Diastase  on  Cold  Starch-paste  (pp.  309- 
314).  Plimpton,  R.  T.,  and  Chorley,  J.  C.,  Titration  of  Iodine  Solutions  with  Barium 
Thiosulphate  (pp.  314-315).  Cro7npton,  H.,  On  Latent  Heat  of  fusion  (pp.  3I5_327 )- 
Crompton ,  H.,  and  Whiteley,  M.  A.,  The  Melting  Point  of  Mixtures  (pp.  327-337). 
Walker,  J.,  and  Henderson  J.,  Electrolysis  of  Potassium  Allo-ethylic  Camphorate  (pp. 
337-349).  Kipping,  F.  S.,  Dimethylketohexamethylene  (pp.  349-354)-  Kipping,  F  S., 
and  Pope,  W.  J.,  Sulphonic  Derivatives  of  Camphor  II.  (pp=  354-37°)- 
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Vol.  xiv.  No.  2.  Journal  of  the  Society  of  Chemical  Industry.  (28th  Feb.,  1895.) 

Wright ,  L.  T.,  On  the  Efficiency  of  Carbon  Vapour  in  Coal  Gas  and  other  Hydrocarbon 
Flames,  and  other  Matters  of  Interest  in  the  Manufacture  of  Coal  Gas  (pp.  103-110). 
T ate ,  F. ,  Some  Applications  of  Refrigeration  (pp.  110-112).  Smetham ,  A.,  The  Influence 
of  Oxide  of  Iron  and  Alumina  in  the  Reversion  of  Superphosphate  (pp.  112-114).  Carpenter , 
R.  F,  Notes  on  Acetylene  (pp.  115-116).  Carulla ,  F.  J.  R.,  Recent  Experiences  when 
putting  up  a  Steam  Boiler  (pp.  116-122).  Procter ,  H.  R.,  On  a  Modified  Form  of 

Tintometer  or  Colorimeter  (pp.  122-124).  Parker ,  /.  G.,  and  Procter,  H.  R.,  The 

Estimation  and  Numerical  Expression  of  Colour  in  Tanning  Materials  (pp.  124-127). 
Endemann,  H.,  On  the  Utilisation  of  Magnesia  obtained  as  a  By-Product  in  the 
Manufacture  of  Carbonic  Acid  from  Magnesite  (pp.  127-129).  Schweitzer,  H.,  and 

Lungwitz,  E.,  Notes  on  the  Analysis  of  Lard  Oil  (p.  129).  Schweitzer,  H.,  and 

Lungwitz,  E.,  Notes  on  the  Analysis  of  Whale  Oil  (p.  130).  Schweitzer,  H.,  and 
Lungwitz,  E.,  The  Correct  Iodine  Number  (pp.  130-133). 

Series  7.  1  ome  iv.  Annales  de  Chimie  et  de  Physique.  (April,  1895.) 

Berthelot,  Recherches  Thermo-Cbimiques  sur  les  Substitutions  en  Chimie  Min6rale  (pp.  433- 
494).  Recoiira ,  A.,  Recherches  sur  le  Sulfate  Chromique,  ses  Transformations  et  le  Acides 
Complexes  qui  en  Ddrivent  tpp.  494-528).  Oechsner  de  Coninck,  Recherches  sur  quelques 
Acides  Aromatiques  et  sur  l’lsomdrie  dans  la  sdrie  Aromatique  (pp.  528-546).  Berthelot, 
Etude  sur  les  m6taux  qui  composent  les  objets  de  cuivre,  de  bronze,  detain,  d’or,  d’argent, 
d6couveits  pai  M.  de  Moigan  dans  les  fouilles  de  Dahchour,  ou  provenant  du  mus6e  de 
Gizeh  (pp.  546-575). 

Tome  xiii.-xiv.  No.  6.  Bulletin  de  la  Societe  Chimique  de  Paris. 

(20  Mars,  1895.) 

Tanret,  C .,  Sur  les  Others  antiques  de  quelques  sucres  (pp.  261-273).  Rosenstiehl,  A.,  Des 
pioduits  de  1  oxydation  du  ffitram6thyldiamidoph6nylhydrol  (pp.  273-275).  Rosenstiehl, 
A.,  De  l’instabiliffi  du  t6tramhthyldiamidoph6nylhydrol  (pp.  275-277).  Lindet,  L.,  Sur 
l’oxydation  du  tannin  de  la  pomme  4  cidre  (pp.  277-280).  Lescoeur ,  H. ,  Sur  le  dosage 
volumdtrique  des  m<§taux  (pp.  280-281).  Lapicque,  L.,  Quantity  de  fer  contenue  dans 
l’urine  (pp.  281-286). 

Tome  cxx.  No.  9-  Comptes  Rendus  hebdomadaires  de  V  Academie  des  Sciences. 

(4th  March,  1895.)  ' 

Villiers,  A.,  Oxydes  et  sulfure  a  fonction  acide  et  4  fonction  basique.  Sulfure  de  zinc  (pp. 
498-50°).  Monnet,  E. ,  Recherches  calorimhtriques  sur  les  dissolutions  salines.  Achtate 
de  soude  (pp.  500-501).  Deldpine,  Sur  l’hexamethylene-amine ;  sels  d’ammonium  ;  action 
des  acides  ;  production  d’amines  primaires  (pp.  501-502). 

Tome  cxx.  No.  10,  (nth  March,  1895.) 

Berthelot ,  Sur  l’argon  (pp.  521-522).  Schloesing,  Sur  les  pertes  d’azote  en  trains  par  les  eaux 
d  infiltration  (pp.  526-531).  Chatin,  A.,  et  Muntz,  A.,  Analyse  des  coquilles  d’huitres 
(PP-  S3I-S34)-  Vigouroux ,  Sur  l’analyse  du  silicium  (pp.  554-557).  Brochet,  A.,  et 

6  amine) ,  A.,  Action  de  l’aldhhyde  formique  sur  les  sels  ammoniacaux  (pp.  557-560). 
Rivals ,  P.,  Sur  les  chlorures  acides  et  les  aldehydes  chlorhs  (pp.  560-562).  Guye,  P.  A.,  et 
Jordan,  C.,  D6doublement  de  l’acide  butane-2-oloique  (a-oxybutyrique).  Gerard,  E., 
Sui  1  acide  datuiique  (pp.  565-567)-  haufmann,  Glycogene  dans  le  sang  chez  les 
animaux  normaux  et  diabhtiques  (pp.  567-568).  Tissot,  J.,  Sur  la  signification  du 
engagement  d  acide  carbonique  par  des  muscles  isol^s  du  corps,  compar6e  4  celle  de 
l’absorption  de  l’oxyg£ne  (pp.  568-570). 

Tome  cxx.  No.  11.  (18th  March,  1895.) 

Berthelot ,  Essais  pour  faire  entrer  l’argon  en  combinaison  chimique  (pp.  581-585).  Korda,  D., 
Pile  thermochimique  4  charbon  (pp.  615-618).  Sabatier,  P.,  et  Senderens,  J.  B.,  Action 
de  l’oxyde  azoteux  sur  les  mhtaux  et  sur  les  oxydes  mdtalliques  (pp.  618-620).  Varet,  R. , 
Sur  les  6tats  isom6riques  des  oxydes  de  mercure(pp.  622-623).  Varet,  R.,  Recherches  sur 
les  chaleurs  de  combinaison  du  mercure  avec  les  616ments  (pp.  620-622).  Le  Chatelier,  H., 
Sur  la  chaleur  de  formation  de  quelques  composes  du  fer  (pp.  623-625).  Rivals,  P.,  Sur 
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les  aldehydes  chlor6s  (pp.  625-627).  Rivals,  P.,  Sur  les  polymfere  cristallis6  de  l’ald6hyde 
monoch!or6  (pp.  627-628).  Denigbs ,  G. ,  Sur  une  combinaison  mercurique  du  thiophene, 
permettant  le  dosage  et  l’extraction  de  ce  corps  dans  les  benzene  commerciaux  (pp.  628- 
630).  Tanret,  C.}  Sur  l’dtat  amorphe  des  corps  fondus  (pp.  630-632).  Guye,  P.,  et 
Jordan ,  C.,  D£riv6s  de  l’acide  a-oxybutyrique  ( i-butanoloi'que)  actif  (pp.  632-635). 

Tome  cxx.  No  12.  (25th  March,  1895.) 

Berthelot,  Nouvelles  recherches  de  M.  Ramsay  sur  l’argon  et  sur  Thulium  (pp.  660-662). 
Berthelot ,  Remarques  sur  les  spectres  de  l’argon  et  de  l’aurore  bor6ale  (pp.  662-663). 
Schutzenberger ,  P.,  Recherches  sur  les  mdtaux  de  la  c6rite  (pp.  663-668).  Duboin,  A., 
Sur  1’ extension  k  la  magngsie  d’ une  mdthode  de  synthese  de  fluorures  et  de  silicates  (pp. 
678-681).  Pigeon,  L.,  Sur  un  nouveau  mode  de  preparation  de  l’acide  chloroplatineux  et 
de  ses  sels  (pp.  681-682).  De  Forcrand,  Chaleur  de  formation  de  l’ac£tylure  de  calcium 
(pp.  682-684).  Ville ,  /.,  et  Astre,  C.,  Action  de  l’acide  o-aminobenzoi'que  sur  la 
benzoquinone  (pp.  684-687).  Petit ,  P. ,  Variations  des  matieres  sucr6es  pendant  la 
germination  de  l’orge  (pp.  687-685).  Bordas  F.,  et  Girard,  C.,  Proc6d6  chimique 
depuration  des  eaux  (pp.  689-691). 

Tome  cxx.  No  13.  (1st  April,  1895.) 

Tassilly,  l£tude  thermique  des  iodures  anhydres  de  baryum  et  de  strontium  (pp.  733-735).  De 
Koninck,  Sur  les  propriety  des  sels  de  nickel  et  de  cobalt  (pp.  735-737).  De  Foirrand, 
Sur  les  alcoolat6s  de  chaux  et  de  baryte  (pp.  737-740).  Rosenstiehl,  A.,  Sur  les  bases 
ammonites  deriv6es  de  rhexam6thyltriamidotriph6nylm£thane,  et  de  leur  action  sur  les 
fuchsines  (pp.  740-743).  Del'epine ,  Sur  quelques  nouvelles  combinaisons  de  1’hexam^thyRne- 
amine  (pp.  743-745)- 

Tome  i.  No.  6.  Journal  de  Pharmacie  et  de  Chimie. 

(15th  March,  1895.) 

Guillot,  Vinaigre  falsify  contenant  de  l’acetate  de  zinc  (pp.  297-298).  Bellier,  Recherche  de 
l’abrastol  dans  les  denr6es  alimentaires  (pp.  298-301).  Roques,  F.,  Sur  un  alcoolate  de 
bromure  de  calcium  (pp.  301-303).  Barthe,  Sur  les  borates  alcalins  et  le  boro-borate  (pp. 
303-307).  Pannetier,  Analyse  du  liquide  provenant  d’un  kyste  du  sein  (pp.  307-309). 
Balland,  Sur  l’emploi  de  recipients  en  aluminium  pour  la  conservation  de  l’acide  phenique 
(PP-  3Q9-311)- 

No.  7.  (1st  April,  1895.) 

Berthelot,  Essais  pours  faire  entrer  l’argon  en  combinaison  chimique  (pp.  345-349).  Hugouneng, 
Sur  le  dosage  du  sulfate  de  potasse  dans  les  vins  (pp.  349-354).  Denigis,  G.,  Essai  des 
medicaments  iodes  organiques  par  la  methode  cyanimetnque  (pp.  354-358).  Hlrissey, 
De  l’inversion  du  sucre  de  canne  dans  quelques  sirops  acides  de  la  pharmacopee  fran<paise 
(pp.  358-361).  Bourquelot,  Reactions  d’identite  de  quelques  medicaments  gaieniques 
officinaux  (361-367). 

Band  liv.  Heft  3.  Annalen  dev  Physik  und  Chemie  ( Wiedemann ). 

(15th  February,  1895.) 

Kohlrausch,  F.,  und  Heydweiller,  Ad.,  Ueber  Widerstandsanderung  von  Losungen  durch 
constante  electrische  Strome  (pp.  385-396).  Warburg,  E.,  Ueber  electrische  Leitung 
und  Convection  in  schwach  leitenden  verdunnten  Losungen  (pp.  396-434).  Bock,  A., 
Ueber  das  Verhaltniss  der  Quercontraction  zur  Langendilatation  von  Eisenstaben  bei 
Magnetiserung  (pp.  442-452).  Dahms ,  A.,  Ueber  die  Gefrierpunkte  einiger  binarer 
Gemenge  heteromospher  Substanzen  (pp.  486-520).  Mebius,  C.  A.,  Ueber  die  Glimment- 
ladung  in  der  Luft  (pp.  520-544).  Weinstein,  B.,  Ueber  die  Zustands-gleichung  der 
Korper  und  die  absolute  Temperatur  (pp.  544-576). 

Band  ccxxxiii.  Heft  1.  Archiv  der  Pharmacie.  (10th  March,  1895.) 

G riitzner,  G. ,  Ueber  einen  krystallisirbaren  Bestandteil  der  Basanacantha  spinosa  var  ferox. 
Schum  (pp.  1-5).  Schaer,  Ed.,  Die  Verfliissigung  des  Choralhydrates  mit  1  henol  und 
mit  Stearoptenen,  sowie  der  letzteren  unter  sich  (pp.  5"2^)-  Autenrieth,  W.,  Uebei  die 
Einwirkung  von  Phosphorpentachlorid  auf  aromatische  Aether  (pp.  26-43).  Autenreith, 
W. ,  Ueber  einen  neuen  Indikator :  Luteol  (pp.  43-48).  Koch,  A,  Phytochemische 
Studien.  Beitrage  zur  Kenntniss  der  mitteleuropaischen  Gallapfel,  sowie  der  Scrofularia 
nodosa.  L.  (pp.  48-80). 
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Band  ccxxxiii.  Heft  2.  (30th  March,  1895.) 

Koch,  F.,  Phytochemische  studien.  Beitrage  Zur  Kenntniss  der  mitteleuropaischen  Gallapfel, 
sowie  der  Scrofularia  nodosa,  L.  (pp.  81-100).  Boettinger,  C.,  Zur  Kenntniss  der  Glyoxyl- 
saure  III.  (pp.  100-104).  Zenetti,  P.,  Das  Vorkommen  von  Hesperidin  in  Folia  Bucco 
und  seine  Krystallformen  (pp.  104-m).  Boettinger,  C.,  Zur  Kenntniss  der  Glyoxylsaure 
IV.  (pp.  111-118).  Hartwich,  C. ,  Ueber  falsche  Senega  (pp.  118-125).  Boettinger ,  C., 
Ueber  die  Osazone  der  Zucker  aus  Sumach  und  Vallonen  (pp.  125-127).  Pommerehne, 
H.,  Ueber  die  Alcaloide  von  Berberis  aquifolium  (pp.  127-160). 

Jahrgang  xxviii.  No.  4.  Berichte  der  Deutschen  Chemischen  Gesellschaft. 

(nth  March,  1895.) 

Engler,  C.,  Zur  Synthese  des  Indigblaus  (pp.  309-312).  Heller,  G.,  Ueber  die  Constitution 
des  Fluoresceens  und  Eosins  (pp.  312-316).  Bredt,  J. ,  Ueber  Camphoronsaure  (pp.  316- 
322).  Reiniger ,  G.,  und  Schall,  Natriumpresse,  modificirt  nach  Angaben  von  Hrn.  E. 
Beckmann  (pp.  322-324).  Mohlau,  R.,  und.,  Neubert,  A.,  Ueber  die  Einwirkung  von 
Nitrosodimethylanilin  auf  tertiare  und  secundare  aromatische  Amine  in  Gegenwart  von 
concentrirter  Salzsaure  (und  Formaldehyd)  (pp.  324-328).  Zincke,  Th.,  Untersuchungen 
liber  Azoderivate  des  Phenyl-/3-naphtylamins  III.  (pp.  328-333).  Marshall,  J.  W.,  Ueber 
Benzoesaureazo-/3-naphtylphenyl-und  p-Tolylamine  und  deren  Oxydationsproducte  (pp. 
333-34°).  Kehrmann,  F.,  Uber  raumisomere  Ester  von  Chinondioximen  (pp.  340-343). 
Kehrmann,  F.,  Ueber  die  Einwirkung  von  Orthoaminophenol  auf  Orthodiketone  (pp. 
343-345).  Kehrmann ,  F.,  und  Mascioni,  B.,  Ueber  einige  Derivate  der  Jodnaphtalinsaure 
(pp.  345-353).  Kehrmann,  F.,  und  Mascioni,  B.,  Ueber  einige  Oxazinderivate  der 
Naphtalinreihe  (pp.  353-360).  Jaubert,  G.  F.,  Ueber  Derivate  der  Naphtalsaure  (1-8- 
Naphtalindicarbonsaure)  (pp.  360-364).  Meyer,  V.,  Ueber  Calomel  (pp.  364-366). 
Diihi-ing,  U.,  Erklarung,  betreffend  did  Allgemeingultigkeit  des  Siedecorrespondenz- 
gesetzes  (pp.  366-367).  Will,  W.,  Ueber  Nitroverbindungen  des  Naphtalins  (pp.  367- 
379).  Gunter,  H.,  und  Tafel,  J.,  Isomere  2.5-Diaminohexane  (pp,  379-385).  Mylizis,  F., 
Jodstarke  und  Jodcholsaure  (pp.  385-391).  Kahlbaum,  G.  W.  A.,  Notiz  fiber  eine 
ausserst  einfache  Laboratoriumsschleuder  (391-392).  Kahlbaum ,  G.  W.  A.,  Apparat  zur 
fractionirten  Destination  bei  sehr  niedrigen  Drucken  (pp.  392-396).  Fischer,  O.,  und 
Hepp,  E.,  Ueber  Fluoresce'inather  (pp.  396-399).  Bamberger,  E.,  Zur  Kenntniss  der 
Nitrirung  organischer  Basen(pp.  399-403).  Bamberger,  E.,  Ueberfiihrung  von  Isodiazohv- 
draten  in  Abkommlinge  des  Diphenyls  (pp.  403-407).  Anschutz,  R.,  und  Beckerhoff,  H., 
Nachiveis  der  Identitat  von  A.  Liebmann’s  Isoamylphenol  mit  Tertiaramylphenol  (pp. 
407-410).  Traube,  J. ,  Methode  der  Moleculargewichts  und  Constitutionsbestimmung  (pp. 
410-419). 

Jahrgang  xxviii.  No  5.  (25th  March,  1895.) 

Bender,  F,  Ueber  die  Einwirkung  von  Alkalien  auf  p-Nitrotoluolsulfosaure  (pp.  422-425). 
Feist,  F.,  und  Arnstein,  H,  Ueber  phenylirte  Aethylendiamine  (pp.  425-427).  Edinger, 
A.,  Ueber  die  Bestimmung  des  Schwefels  und  des  Chlors  vermittelst  Natriumsuperoxyd 
(pp.  427-428).  Meyer,  R.,  Zur  Constitution  des  Fluoresceins  (pp,  428-432).  Blacker,  C., 
Synthesen  mittels  Natramidverbindungen  (pp.  432-437).  Stokes,  H.  N.,  Ueber  Chlor- 
phosphorstickstoff  und  zwei  seiner  homologen  Verbindungen  (pp.  437-440).  Herzfeld ,  A. , 
Ueber  die  specifische  Drehung  der  Acetylmaltose  und  Maltose  (pp.  440-443).  .  Niemen- 
towski,  St.,  Zur  Kenntniss  der  Phenmiazinderivate  (pp.  443-444).  Baznbez'ger,  E.,  Zur 
Theorie  der  Diazoverbindungen  (pp.  444-449).  Lengfeld ,  F,  Ueber  die  Ester  der  Saure 
H2S202  (Thionschwefligesaure ?)  (pp.  449-451).  Tauber,  E.,  Pyridazin  (o-Pyrazin)  (pp. 
45!-456)-  Pinner,  A.,  Ueber  Nicotin  (pp.  456-465).  Pinner,  A.,  und  Caro,  N.,  Ueber 
die  Einwirkung  von  Hydrazin  auf  Imidoather  (pp.  465-473).  Pinner,  A.,  Ueber  Imido- 
ather  (pp.  473-488).  Heusler,  Fr.,  Beitrage  zur  Chemie  des  Braunkohlentheers  (pp.  488- 
498).  Heusler,  Fr.,  Ueber  die  Bildung  neutraler  Schwefelsaureester  bei  der  Schwefel- 
saurewasche  von  Theerolen  und  uber  eine  Methode  zur  Trennung  alkylschwefelsaurer 
und  sulfonsaurer  Salze  (pp.  498-501).  Harries,  C.  D.,  und  Busse,  G,  J.,  Dihydromethyl- 
cumaran  (pp.  5OI_5°3)-  Harries,  C.  D.,  und  Klamt,  E.,  Methanhydrazomethan  (pp. 
503-S05)-  Helbig,  D.,  Ueber  die  Oxydation  des  Tetrachlornaphtalins  (pp.  505-508). 
Jaubert,  G.  F.,  Beitrage  zur  Constitution  der  Safranine  (pp.  508-513).  Pawlewski,  Br., 
Ueber  das  Diphenylyl-o-phtalid  (pp.  SI3-5I5)-  Siegfried,  M.,  Ueber  Phosphorfleischsiiure 
(PP-  5I5’5I9)-  Meyer,  L,,  Constitution  der  Fuchsine  (pp.  519-522).  Curtius,  T.,  Notiz 
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uber  Saurehydrazide  und  Azide  (pp.  522-523).  Kuhling,  O.,  Ueber  den  Ersatz  der 
Isodiazogruppe  durch  cyclische  Reste  (pp.  523-528).  Jaubert,  G.  F. ,  Zur  Berichtigung 
(p.  528). 

Band  li.  Nos.  5?  6,  7.  J ournal  fiir  praktische  Chemie.  (4th  March,  1895.) 

Uhlmann,  P.  IV.,  Ueber  Einwirkung  von  Cyanessigsaure  athylester  auf  Mononitrodiazolsaure 
(pp.  217-234).  Kurnakow,  N .,  Ueber  complexe  Metallbasen  (pp.  234-257).  Busch,  M. , 
Zur  Kenntniss  der  o-Amidobenzylamine  I.  (pp.  257-285).  Otto,  R. ,  Beitrage  zur  Kenntniss 
der  Homologen  des  Aethylendiphenylsulfons  und  Aethylenditolylsulfons  nebst  Mitthei- 
lungen  uber  das  Verhalten  von  Mercaptiden  gegen  Halogenalkylene  (pp.  285-316). 
Bertram,  J.,  und  Kursten ,  R.,  Ueber  das  Vorkommen  des  Ortho-Cumaraldehyd- 
methylathers  im  Cassiaol  (pp.  316-325).  Kym,  O.,  Ueber  eine  neue  Bildungsweise 
secundarer  aromatischer  Amine  (pp.  325-335)-  Claus ,  Ad.,  Zur  Geschichte  der 

Bibromsebacinsaure  (pp.  335'33^)-  Claus,  Ad.,  Zur  sogenannten  Tautomerie  (pp.  338- 
344).  Wendt  G.,  Zur  quantitative  Bestimmung  von  Condensations  produkten  (pp.  344- 
346).  Deninger,  A.,  Ueber  Versuche  zur  Darstellung  von  Kohlenmonosulfid  (pp.  346. 
35°)-  Tischendorf ,  P.,  Zur  Kenntniss  der  Einwirkung  von  Chlorkohlenoxyd  auf  einige 
Derivate  von  Sulfon-und  Sulfinsauren  (pp.  350-352) 

Band  xvi.  Heft  1.  Monatshefte  fiir  Chemie  und  Verwandte  Thiele  and  ever 

Wissenschaften.  (28th  February,  1895.) 

Donciu,  L.,  Ueber  die  Einwirkung  von  Chlor  auf  den  Aethylenalkohol  (1,  2-Aethandiol)  (pp. 
1-13).  Goldschmiedt,  G.,  Neue  Bildungsweise  des  Dipbtalyls  (pp.  13-17).  Andreasch ,  R., 
Ueber  die  Dimethylviolursaure  und  Dimethyl-dilitursaure  I.  (pp.  17-34).  Lippmann,  Ed., 
und  Fleissner,  F.,  Ueber  das  Apochinin  und  seine  Aether  I.  (pp.  34-45).  Poliak,  F.,  Ueber 
den  Nicolinsaureathylester  und  die  Ueberfiihrung  desselben  in  /3-Amidopyridin  (pp.  45-62). 
Fortner,  P.,  Notiz  fiber  das  Cinchotenin  (pp.  62-68).  Pum,  G.,  Einwirkung  von 
Jodwasserstoffsaure  auf  Cinchotin  und  Hydrochenin  (pp.  68-74). 

Band  xvi.  Heft  2.  Zeitschrift  fiir  Physikalische  Chemie.  (26th  Feb.,  1895.) 

Brit  hi,  J.  W.,  Spektrochemie  des  Stickstoffs.  I.  und  II.  (pp.  193-242).  Zeechini,  F.,  Ueber 
das  Brechungsvermogen  des  Phosphors.  III.  Brechungsvermogen  einiger  organischer 
Verbindungen  des  Phosphors  (pp.  242-244).  Carrara ,  G.,  Ueber  die  elektrische  Dis¬ 
sociation  in  ihrer  Beziehung  zum  optischen  Drehungsvermogen  (p.  244).  Ghira,  A., 
Ueber  die  Darstellung  des  Bleisesuiathyls  (p.  245).  Ghira,  A.,  Weiteres  ueber  das 
kryoskopische  Verhalten  einiger  Acetate  schwacher  Basen  (pp.  245-246).  Zeechini,  F., 
Ueber  das  optische  Drehungsvermogen  des  Koniin  und  seiner  Salze  (pp.  246-247). 

Tl  —  X 

Masini,  R.,  Der  kritische  Koeffizient  in  Beziehung  zu  der  Formel  ^  (pp.  248-249). 

Stortenbeket ,  W. ,  Ueber  Mischkrystalle  von  Kobaltchlorid  und  Manganchlorid  (pp.  250- 
261).  Koppe,  FI.,  Eine  neue  Methode  zur  Bestimmung  isosmotischer  Konzentrationen 
(pp.  261-289).  Natanson,  L.,  Ueber  die  kinetische  Energie  der  Bewegung  der  Warme 
und  die  entsprechende  Dissipationsfunktion  (pp.  289-303).  Schwicker ,  A.,  Ueber  die 
Umwandlungsgeschwindigkeit  des  Kalinmhypojodits  (pp.  303-315).  Ewan,  Th.,  Ueber 
die  Oxydationsgeschwindigkeit  von  Phosphor,  Schwefel  und  Aldehyd  (pp.  315-344). 
Rayleigh  und  Ramsay ,  W.,  “Argon,”  ein  neuer  Bestandtheil  der  Atmosphare  (pp.  344- 
369).  Crookes,  W.,  Ueber  das  Spektrum  des  Argons  (pp.  369-380).  Olszewski,  K., 
Die  Ueberfiihrung  des  Argons  in  den  fliissigen  und  festen  Zustand  (pp.  380-384). 

Band  xvi.  Heft  3.  (19th  March,  1895.) 

Peterson,  E.,  Die  Reaktionsgeschwindigkeit  bei  der  Methylesterbildung  (pp.  385-411).  Van 
T’ Hoff,  J.  H.,  Ueber  die  Menge  und  die  Natur  des  sog.  Ozons,  das  sich  bei  langsamer 
Oxydation  des  Phosphors  bildet  (pp.  411-417).  Pictet,  R.,  Ueber  Warmestrahlung  bei 
tiefer  Temperatur  (pp.  417-450).  Cohen ,  E.,  Die  Wirkung  des  Wasserstoff  auf 

Bromsilbergelatineplatten  (pp.  450-453).  Van  T' Hoff,  J.  //.,  Cohen,  E.,  und  Bredzg,  G., 
Zur  Theorie  des  Umwandlungs-elements  obne  metastabile  Phase  (pp.  453-458). 
Scottlcinder ,  P.,  Ueber  Reduktion  von  Wagungen  auf  den  luftleeren  Raum  (pp.  458-463). 
Franke,  E.,  Beit  rage]  zur  elektrischen  Leitfahigkeit  von  Salzen  und  Sauren  in  wassriger 
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Losung  (pp.  463-493).  Anschutz ,  A\,  und  Reilter,  H.,  Ueber  das  Drehungsvermogen 
der  Links-zEpfelsaureester  (pp.  493-497).  Briihl ,  /.  PI/.,  Spektrochemie  des  Stickstoffs 
III.  und  IV.  (pp.  497-525).  Kuster ,  F.  IV.,  Ueber  das  Wesen  isomorpher  Miscbungen 
(pp.  525-529).  Rinne ,  F.}  Die  Krystallformen  chemisch  einfacher  Kosper  (pp.  529-546). 
Noyes,  A.  A.,  Die  Geschvvindigkeit  der  Reaktion  zwischen  zinnchloner  und  Eisenchlorid 
(pp.  546-562). 

Anno  xxv.  Vol.  1.  Fascicolo  2.  Gazetta  Chimica  Italiana.  (1st  March,  1895,) 

Candiani,  P.,  Sul  trisolfuro  die  etenile  (pp.  81-88).  Filete,  M.,  Sul  peso  molecolare  del  closuro 
mercuroso  Risposta  a  V.  Meyer  (pp.  88-95).  Korner,  IV.,  Sulla  preparazione  della 
ortobibromoanilina  [C6  .  NH2  .  H  .  Br2  .  H2]  (pp.  95-97).  Korner,  W.  e  Menozzi ,  A., 
Azione  del  joduro  metilico  sulla  dimetilasparagina  (pp.  97-101).  Marino,  Z.  F.,  e 
Martini ,  C.,  Presenza  della  neurina  nel  sangue  (pp.  101-104).  Paladino,  P.,  Sopra  un 
nuoro  alcaloide  contenuto  nel  caffe  (pp.  104-110).  Vignolo,  G.,  Sull  ’essenza  di  cannabis 
indica  (pp.  110-115).  Monari,  A.  e  Scoccianti,  L.,  La  piridina  dei  prodotti  della 
torrefazione  del  caffe  (pp.  115-117).  Purgotti,  A.,  Azione  dell’idrato  d’idrazina  sulla 
cianidrina  dell’aldeide  benzoica  (pp.  117-121).  Seslini,  F.,  Composizione  chimica  della 
grafitite  del  monte  pisano  (pp.  121-124).  Oddo,  G.,  e  Curatolo ,  A.,  Nuovo  processo  di 
sintesi  degli  idrocarburi  del  gruppo  deldifenile.  Sul  p-  ed  o-feniltolite  (pp.  124-136). 


APPENDIX  I. 


NOTICES  OF  BOOKS. 

Allgemeine  Physiologie.  Ein  Grundriss  der  Lehre  vom  Leben.  Von  Max  Verworn.  Jena: 

Gustav  Fischer,  1895. 

This  volume  of  571  pages  must  find  a  place  in  the  library  of  every  serious  student  of 
Nature,  for  it  marks  the  renaissance  of  Comparative  Physiology.  The  study  of  functions,  and 
of  structure  in  relation  to  the  functions,  of  living  plants,  animals,  and  protists,  are  duly 
considered,  and  an  attempt  is  thereupon  made  to  widen  the  physiological  horizon.  The 
kymograph  and  spirometer  would  appear  to  be  the  author’s  bites  noires,  and  of  his  268 
illustrations,  but  10  are  tracings  and  spectral  charts,  and  less  than  50  are  delineations  of 
apparatus  (and  those  of  the  simplest  possible  kind).  The  rest,  with  few  exceptions,  depict 
living  objects  and  phases  of  observed  activities.  The  book  opens  with  a  Preface,  in  which  the 
author  confesses  to  an  aspiration  to  a  literary  style  that  may  appeal  to  persons  beyond  the  mere 
craftsmen  ;  and  there  follows  a  Historical  Sketch,  in  which  the  pioneer  work  of  Johannes 
Muller,  to  whose  memory  the  book  is  befittingly  dedicated,  receives  full  recognition.  Then 
there  follow,  in  order,  Special  Chapters  devoted  to  The  Constitution  and  Properties  of  Living 
Matter,  to  Metabolism  and  Change  of  Form,  The  General  Conditions  of  Life,  to  Stimuli  and 
their  Effects,  and  The  Mechanism  of  Life.  The  History  and  Rationale  of  Life,  Cell-division, 
Reproduction,  and  Death,  are  incidentally  considered.  A  considerable  portion  of  the 
work  is  devoted  to  a  description  and  discussion,  with  extension,  of  the  author’s  well-known 
observations  upon  living  protozoa  and  on  the  behaviour  of  the  nucleus  during  functional 
change.  The  nucleus  is  brought  into  special  prominence  in  relation  to  protoplasmic  move¬ 
ment,  the  movement  of  contraction  being  interpreted  as  probably  due  to  nuclear  attraction. 
The  more  important  among  recent  investigations  are  incorporated,  and  we  note  with  satisfaction 
those  of  Hodge  upon  the  metabolism  of  the  nerve-cell,  and  of  Dreyer  and  Schulze  upon 
skeletogenesis  in  the  Invertebrata,  so  fully  borne  out  by  the  later  work  of  Theel  and 
Kishinouye. 

The  key  to  the  author’s  attitude  lies  in  his  formidable  declamation  against  the  physiological 
methods  of  to-day,  as  inadequate  to  explain  the  simplest  processes  of  life.  The  many  and 
ingenious  comparisons  between  the  parts  of  the  animate  body  and  of  an  inanimate  machine,  so 
recently  enforced,  are  now  untenable.  To  take  a  hackneyed  example,  the  discovery  that  during 
the  passage  of  visual  stimuli  there  is  a  contraction  of  the  retinal  pigment,  bearing  a  definite 
relationship  to  the  colours  of  the  spectrum,1  and  that  the  image  formed  by  reflection  from  the 
posterior  face  of  the  crystalline  lens  comes  to  a  focus  within  that  body, 2  undermine  the 
fascinating  comparison  of  the  eye  with  the  photographer’s  camera.  And  when  we  consider,  for 
example,  that  the  evolution  of  carbonic  acid  by  a  living  muscle  is  not  a  simple  respiratory 
process,  but  one  that  under  the  action  of  a  stimulus  may  go  on  in  an  atmosphere  of  nitrogen, 
that  the  absorption  of  oxygen  by  blood  does  not  follow  the  general  law  of  absorption  according 
to  pressure,  and  that  the  removal  of  assimilable  food  through  the  intestinal  wall  does  not  take 
place  according  to  the  laws  deduced  from  the  study  of  an  ordinary  diffusion  septum,  it  becomes 
only  too  apparent  that  directly  we  come  into  touch  with  the  animate  a  something  has  to  be 
reckoned  with,  which  the  laws  thus  far  deduced  from  the  study  of  the  inanimate  will  not  explain. 
What  is  it  that  this  neo- vitalism  presents  to  us  ?  Is  it  the  Psyche  of  the  ancients  over  again — 
a  something  beyond  our  discovery  or  comprehension  ?  or  is  it  a  problem  in  molecular 
physics  ?  Most  assuredly  the  latter,  but  not  that  of  the  inanimate  as  thus  far  understood. 
The  time  has  come  when  to  the  study  of  the  processes  of  life  something  more  than  the  application 
of  the  methods  of  the  physicist  and  chemist  of  to-day  to  the  mere  study  of  organs  and  tissues 
must  be  applied.  An  entirely  new  field  lies  before  us.  Physiologists  have  long  reminded  us 
that  the  mystery  of  life  lies  hidden  in  the  unicellular  organisms,  but  they  have  been  too  fully 
content  to  allow  their  studies  to  centre  in  the  applied  branches  of  their  science.  By  physiology 

1  Angelucci.  Moleschott’s  Uniersuchg.  z.  Naturlehre ,  bd.  xiv. ,  hf.  3. 

2  Boys.  Phil.  Mag.  (ser.  5),  vol.  xiv.,  p.  40. 
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we  understand  the  study  of  the  living  in  action.  Verworn,  fully  realising  all  this,  has 
boldly  taken  the  initiative,  and,  studying  organisms  and  the  cell,  rather  than  mere  organs, 
availing  himself  to  the  utmost  of  the  comparative  method,  he  has  laid  the  foundations  of  a 
Modern  Physiology.  Some  of  his  most  cherished  views  will  meet  with  ready  dissent,  notably 
his  aforementioned  conception  of  the  contractile  function;  but  it  is  only  natural  that  this  should 
be  so.  Is  function  the  result  of  structure,  and  what  are  the  molecular  forces  which  determine 
it  ?  The  problem  remains  still  unanswered,  but  that  Verworn’s  method  of  attacking  it  is  novel 
and  well-founded  it  must  be  frankly  admitted. 

Verworn’s  Cellular  Physiology  looms  upon  us  at  a  time  when  renewed  attempts  are  being 
made  to  apply  statistical1  and  experimental  methods  to  the  study  of  the  structural  variation  of 
animals  and  plants,  and  there  is  something  deeply  to  be  regretted  in  the  manner  in  which 
advocates  of  these  methods  declaim  against  those  of  their  predecessors  and  contemporaries. 
Work,  steady  work,  be  it  along  the  “  old  ”  or  the  “new”  lines,  is  what  is  wanted ;  and,  as  in  the 
past,  so  in  the  future,  with  the  progressive  accumulation  of  facts  there  will  now  and  again 
reveal  themselves  those,  more  stupendous  than  the  rest,  which,  carrying  their  own  refrain, 
mark  the  real  development  of  the  science,  and,  stated  in  generalised  form,  constitute  what  is 
known  as  a  “  Law  of  Nature 

Lehrbuch  der  Zoologie.  Von  R.  Herwtig.  Dritte  umgearbeitete  Auflage.  Jena:  Gustav. 

Fischer,  1895. 

The  third  edition  of  this  book  is  a  considerable  improvement  upon  its  predecessor,  well 
known  and  adopted  in  this  country.  Of  its  585  pp.  146  are  devoted  to  a  consideration  of  the 
history  of  zoology  and  of  the  general  principles  of  morphology  and  distribution  ;  and  of  the 
422  pp.  which  remain  137  are  given  over  to  the  Vertebrates,  and  the  remainder  to  the  Inverte¬ 
brates,  the  great  groups  being  taken  in  ascending  order.  In  this  marked  inequality  of  treat¬ 
ment,  and  consequent  wholesale  ignoring  of  most  important  animal  forms,  the  author  is  in  the 
fashion  of  the  times,  which  counts  it  more  profitable  to  deal  with  possibilities  (largely  deduced 
from  the  study  of  ontogeny)  concerning  what  may  have  happened  in  the  evolution  of  living 
organisms,  than  to  countenance  what  has  happened,  as  testified  by  palaeontology.  Although 
the  Vertebrata  are  thus  inadequately  dealt  with,  important  classes  of  Invertebrata  receive 
scant  attention;  e.g.,  the  Bryozoa  and  Brachiopoda,  which  with  the  Tunicata  (sic)  are  crowded 
into  a  Supplement  to  the  Section  on  Worms.  What  there  is  in  the  book,  however,  is  mostly 
good,  as  might  be  expected  ;  but  there  is  not  a  little  that  is  behind  the  times,  and  that  to  the 
well-trained  English  student  is  insufficient.  Limulus  is  properly  placed  in  proximity  to  the 
Trilobites.  The  Enteropneusta  are  classed  as  Vermes,  and  Cephalodiscus  and  Rhabdopleura 
are  not  considered.  No  wonder,  therefore,  that  the  grossly  conceived  “  Class  Hemichordata  ” 
is  not  upon  the  list.  The  author  indulges  neither  in  fantastic  terminology  nor  in  unwarrant¬ 
able  generalisation,  and  his  book  justifies  its  title,  i. e. ,  betokens  a  laudable  desire  to  present 
to  the  student  mind  a  well-arranged  digest  of  what  is  important  in  the  whole  subject  with 
which  be  deals. 

The  work  is  adorned  by  568  well-executed  illustrations. 

Short  Shidies  in  Nature  Knowledge.  By  William  Gee.  London:  Macmillan  &  Co.,  1895. 

The  number  of  small  books  devoted  to  the  description  of  natural  phenomena  is  in¬ 
creasing  by  leaps  and  bounds,  and  we  often  wonder  where  the  flood  is  to  find  its  limits.  It  is 
also  a  matter  of  difficulty  in  the  majority  of  cases  to  discover  the  reason  why  the  books  ever 
came  into  existence,  as  they  serve  no  useful  purpose,  and  their  number  simply  bewilders  the 
beginner  anxious  to  learn  the  elementary  facts  of  natural  science. 

Occasionally,  however,  there  occurs  an  exception  to  the  rule,  and  such  seems  to  be  the 
case  in  the  present  instance,  for  the  book  forming  the  subject  of  the  present  notice,  although 
small,  yet  contains  an  immense  amount  of  description  calculated  not  only  to  instruct,  but 
also  to  educate. 

The  more  important  sections  of  Physiography  are  in  turn  treated  in  a  bright  and  attractive 
manner,  well  calculated  to  interest  and  to  stimulate  further  inquiry.  The  illustrations,  as  must 
always  be  the  case  in  a  book  like  the  present,  are  many  of  them  familiar  ;  nevertheless  they 
are  as  a  whole  well  selected  and  to  the  point,  though  several  of  the  process  blocks  compare 
unfavourably  with  the  woodcuts,  and  rather  make  one  wish  that  the  progress  of  photogi'aphy 
had  not  been  so  rapid.* 


1  The  term  “  Mathematical  Biology  ”  appears  to  us  an  unfortunate  misnomer. 
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Altogether,  the  book  ought  to  be  of  use  in  stimulating  a  desire  for  a  fuller  knowledge  of 
the  natural  processes  going  on  around  us,  and,  from  its  bright  and  interesting  character, 
should  be  a  favourite  amongst  the  cloud  of  primers  of  Natural  Knowledge. 

Electric  Light  for  Country  Houses.  By  John  Henry  Knight.  London  :  Crosby,  Lockwood, 

&  Son,  1895. 

This  is  a  small  manual  of  under  a  hundred  pages  dealing  with  the  problem  of  lighting 
country  houses  by  means  of  electricity.  Chapters  are  devoted  to  the  Dynamo,  Motive  Power, 
Fittings,  Accumulators,  and  an  important  item — Cost.  In  an  appendix  are  given  instructions 
for  working  a  Dynamo,  and  an  explanation  of  certain  constantly  recurring  terms.  The  book 
is  written  in  a  plain  and  straightforward  manner ;  the  explanations  are  clear  and  readily 
understood,  and  the  few  illustrations  introduced  fulfil  their  purpose. 
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ENUMERATION  OF  TITLES  OF  CHEMICAL  PAPERS 
APPEARING  IN  APRIL,  1895. 

Vol.  xlix.  No.  292.  American  Journal  of  Science.  (April,  1895.) 

Rayleigh  and  Ramsay ,  Argon,  a  New  Constituent  of  the  Atmosphere  (pp.  275-297).  Trow¬ 
bridge ,  J .,  and  Duane ,  IV. ,  Velocity  of  Electric  Waves  (pp.  297-305). 

Vol.  xlix.  No.  293.  (May,  1895.) 

Tea,  M.  C.,  Colour  Relations  of  Atoms,  Ions  and  Molecules.  I.  (pp.  357-374).  Turner ,  H. 
W.,  Further  Notes  on  the  Gold  Ores  of  California  (pp.  374-380).  Linebarger,  C.  E. , 
Some  Relations  between  Temperature,  Pressure  and  Latent  Heat  of  Vaporisation  (pp. 
380-397).  Pratt ,  J.  H.,  Double  Halides  of  Calcium,  Rubidium,  Sodium  and  Lithium 
with  Thallium  (pp.  397-405).  Hill ,  E.  A.,  Argon,  Trout's,  Hypothesis  and  the  Periodic 
Law  (pp.  405-417). 

Vol.  xvii.  No.  4.  American  Chemical  Journal.  (April,  1895.) 

Rayleigh  and  Ramsay ,  Argon,  a  New  Constituent  of  the  Atmosphere  (pp.  225-251).  Crookes , 
IV.,  On  the  Spectra  of  Argon  (pp.  251-262).  Olsgewski,  K.,  The  Liquefaction  and 
Solidification  of  Argon  (pp.  262-267).  Morley,  E.  IV.,  On  the  Atomic  Weight  of  Oxygen. 
Syntheses  of  Weighed  Quantities  of  Water  from  Weighed  Quantities  of  Hydrogen  and 
Oxygen  (pp.  267-275).  Stokes,  H.  N.,  On  the  Chloronitrides  of  Phosphorus  (pp.  275- 
290).  Kastle,  J.  H.,  and  Murril,  P.,  On  the  Saponification  of  the  Ethers  of  the  Sulphuric 
Acids  by  Alcohols  (pp.  290-297).  Richards,  T.  W.,  and  Oenslager,  G.,  On  the  Cupri- 
ammonium  Double  Salts  (pp.  297-305).  Wiechmann,  E.  G.,  Basswood  Oil  (pp.  305-308). 

Vol.  xvii.  No.  5.  (May,  1895.) 

Retnsen,  /.,  and  Coates,  C.  E.,  The  Action  of  Aniline  and  of  the  Toluidines  on  Orthosulpho- 
benzoic  Acid  and  its  Chloride  (pp.  311-330).  Remsen,  /.,  and  Kohler ,  E.  P.,  Further 
Study  of  the  Action  of  Aniline  in  the  Chlorides  of  Orthosulphobenzoic  Acid  (pp.  330-347). 
Remsen,  I.,  and  Saunders,  A.  P.,  Separation  of  the  Two  Chlorides  of  Orthosulpho¬ 
benzoic  Acid  (pp.  347-368).  Stone,  W.  E.,  and  Lotz,  D.,  The  Sugar  of  the  Agave 
Americana  (pp.  368-372).  Trevor,  J.  E .,  The  Law  of  Mass  Action  (pp.  372-374). 
Palmer,  C.,  Chromates  of  the  Rare  Earths,  Chromates  of  Thorium  (pp.  374-379). 
Cushman,  A.  S.,  On  a  New  Method  for  the  Separation  of  Copper  and  Cadmium  in 
Qualitative  Analysis  (pp.  379-383). 

Vol.  xvii.  No.  5.  Journal  of  the  American  Chemical  Society.  (May,  1895.) 

Thomas,  W.  S.,  Methods  for  the  Determination  of  Manganese  (pp.  341-346).  Dulin,  R.  S., 
The  Wet  Assay  for  Copper  (pp.  346-351).  Shiver,  F.  S.,  On  the  Standardisation  off 
Sulphuric  Acid  (pp.  351-354).,  Linebarger,  C.  E.,  On  Some  Experiments  in  the  Anthra¬ 
cene  Series  (pp.  354-358).  Linebaiger,  C.  E.,  On  the  Reaction  between  Zinc  Sulphate 
and  Potassium  Hydroxide  (pp.  358-360).  Bachman,  /.  A.,  Chemical  Brick  for  Glover 
Towers  (pp.  360-361).  Norton,  T.  H.,  The  Contributions  of  Chemistry  to  the  Methods 
of  Preventing  and  Extinguishing  Conflagration  (pp.  361-381).  Ehrenfeld ,  C.  H.,  A  Study 
of  the  Chemical  Behaviour  of  Tungsten  and  Molybdenum  and  their  Trioxides  (pp.  381- 
397).  Gladding,  T.  S.,  The  Determination  of  Sulphur  in  Pyrites,  A  Reply  to  Dr.  Lunge 
(PP*  397'4°2)*  Horton ,  H.  E.,  Acidity  of  Glucose  Syrup  and  Grape  Sugar  (pp.  402-403). 
Horton,  H.  E.,  Ash  in  Glucose  Syrup  and  Grape  Sugar  (pp.  403-405).  Mixer,  C.  T., 
and  Du  Bois,  H.  IV.,  The  Zimmermann-Reinhardt  Method  for  the  Determination  of 
Iron  in  Iron  Ores  (pp.  405-411).  Blomin.  J.  £.,  On  the  Manufacture  of  Soluble  Nitro¬ 
cellulose  for  Nitrogelatine  and  Plastic  Dynamites  (pp.  411-419). 

Vol.  xx.  No.  229.  The  Analyst.  (April,  1895.) 

Duprt,  A.,  Note  on  the  Chemical  and  Bacteriological  Examination  of  Water,  with  Remarks 
on  the  Fever  Epidemic  at  Worthing  in  1893  (pp.  73-80).  Thresh,  J.  C.,  The  Interpreta- 
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tion  of  the  Results  obtained  upon  the  Chemical  and  Bacteriological  Examination  of 
Potable  Water  (pp.  80-91). 

Vol.  xx.  No.  230.  (May,  1895.) 

Thr‘sh>  J-  c->  The  Interpretation  of  the  Results  obtained  upon  the  Chemical  and  Bacterio¬ 
logical  Examination  of  Potable  Waters  (pp.  97-111).  Cameron,  C.  A.,  Note  on  Unusual 
Specimens  of  Milk  (p.  in). 

Vol.  lxvii.  No.  390.  Journal  of  the  Chemical  Society .  (May,  1895.) 

Kipping ,  F.  S.,  and  Pope ,  W.  J.,  ir-Halogen  Derivatives  of  Camphor  (pp.  371-399). 
Sedgwick  A.  P.,  and  Collie ,  N.,  Some  Oxypyridine  Derivatives  (pp.  399-413).  Perkin , 
A.  G.,  and  Hummel ,  J.  The  Colouring  Principle  of  Toddalea  aculeata  and  Evodia 
meliaefolia  (pp.  413-416).  Bone,  W.  A.,  and  Perkin,  W.  H.,  Junr.,  Trimethylsuccinic 
and  aa-Dimethylglutaric  Acids  (pp.  416-433).  Cross,  C.  F,  Sevan,  E.  J.,  and  Beadle,  C., 
Contributions  to  the  Chemistry  of  Cellulose  (pp.  433-452).  Divers,  E.,  and  Haga,  T., 
Potassium  Nitrososulphates  (pp.  452-459).  Dunstan,  W.  E.,  and  Carr,  F.  H.,  The 
Constitution  of  Aconitine,  Acetyl  Derivatives  of  Benzaconine  and  Aconitine  (pp  459-467). 

Vol.  xiv.  No.  4.  Journal  of  the  Society  of  Chemical  Industry. 

(30th  April,  1895.) 

Gray,  G.  IV.,  The  Estimation  and  Numerical  Expression  of  Colour  in  Tanning  Materials 
(PP"  335'336)-  Darby,  J.  H.,  The  Semet-Solvay  Coke  Oven  (pp.  336-340).  Brookman, 
F.  IV.,  Utilisation  of  Town  Refuse  at  Rochdale  (pp.  340-343).  Hogg,  T.  W.,  Immunity 
of  Some  Low  Forms  of  Life  from  Lead  Poisoning  (p.  344).  Hogg,  T.  W.,  On  Two 
Interesting  Cases  of  Abnormal  Condition  in  Pig  Iron  (pp.  344-345).  Prof.  Clowes  and 
Fielmann,  M.  E.,  The  Extinctive  Atmospheres  Produced  by  Flames  (pp.  345-346). 
Heal,  C.  B.,  and  Procter,  H.  F.,  The  Analysis  of  Liquors  Used  in  Chrome  Tannage 
(P-  347)-  Stebbins,  J.  H.,  Note  upon  the  Identification  of  a  Certain  Red  Azo-Colouring 
Matter  (pp.  347-349).  Sherer,  E. ,  Commercial  Methods  for  the  Valuation  of  Imported 
Sugars  applied  to  the  Assessment  of  Duties  thereon  (pp.  349-351). 

Vol.  xxxix.  No.  240.  Philosophical  Magazine  and  Journal  of  Science. 

(May,  1895.) 

Skinner,  S.,  The  Tin-Chromic  Chloride  Cell  (pp.  444-447).  Evershed,  J.,  Experiments  on 
the  Radiation  of  Heated  Gases  (pp.  460-476).  Soret,  C. ,  On  the  Rotational  Co-efficient 
of  Thermal  Conductivity  in  Crystals  (p.  476). 

Vol.  lvii.  No.  343.  Proceedings  of  the  Royal  Society.  (6th  April,  1895.) 

Griffiths,  E.  H.,  The  Latent  Heat  of  Evaporation  of  Water  (pp.  212-224). 

Series  7.  No.  5.  Annales  de  Chimie  et  de  Physique.  (May,  1895.) 

✓ 

Pellat,H.,  Electrostatique  non  fondle  sur  les  lois  de  Coulomb.  Forces  electriques  agissant 
k  la  surface  de  separation  de  deux  dieiectriques  (pp.  5-99).  Topin,  /.,  Sur  quelques 
nouveaux  sels  d’amide  (pp.  99-132). 

Tome  xiii.-xiv.  N0.8.  Bulletin  de  la  Societe  Chimique  de  Paris. 

(20th  April,  1895.) 

Barral,  Et.,  Constitution  de  l’hexachlorophenol-a  et  de  la  quinone  (pp.  423-427).  Barral, 
Et.,  Sur  le  parabichlorure  de  benzene  hexachlore  (pp.  418-423).  Battandier,  Reaction 
de  la  cheiidonine  avec  les  phenols  en  solution  sulfurique  (pp.  446-447).  Besson,  A.,  Sur 
le  chlorobromure  et  le  bromure  de  carbonyle  (pp.  444-445).  Cambier,  F.,  et  Brocket,  A., 
Action  de  l’aldehyde  formique  sur  les  amines  et  leurs  sels  (pp.  392-418).  Franchimont, 

A.  P.  N.,  Sur  une  nouvelle  classe  de  derives  de  l’uree  (p.  445)-  Feychler,  A.,  Les  sels 
d’argent  ammoniacaux  (pp.  386-392).  Fosenstiehl,  A.,  Les  fuchsines  sont-elles  des  ethers 
on  des  sels?  (pp.  431-433).  Fosenstiehl,  A.,  Sur  les  proprietes  basiques  des  rosanilines 
et  de  leurs  derives  sulfones.  Reponse  a  M.  Prud’homme  (pp.  427-430).  Thomas,  V., 
Sur  une  combinaison  cristallisee  de  chlorure  ferreux  avec  le  bioxyde  d  azote  (pp.  385- 
386).  Winter,  J.,  De  l’analyse  du  sue  gastrique  (pp.  433‘441)-  Jay  et  Dupasquier,  Sur 
la  fabrication  du  phosphate  de  potasse  (pp.  441-443).  Joffre ,  /.,  Note  sur  1  humus  (pp. 

443-444)- 
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Tome  xiii.-xiv.  No  9.  (5th  May,  1895.) 

Barral,  E. ,  Sur  trois  octochlorphEnols  (trichlorures  de  pentachloro-cyclo-hexa-diEne-one)  (pp. 
490-492).  Barthe ,  L.,  Sur  le  dosage  volumEtrique  du  zinc  (pp.  472-473).  Bruylants, 
Reactions  nouvelles  de  la  morphine  (pp.  497-500).  Cazeneuv e,  P.,  Recherches  sur  la 
sterilisation  du  lait  et  la  fermentation  lactique  (pp.  502-509).  Cazeneuve,  P.,  et  Haddon, 
E.,  Sur  TinfidElitE  des  crEmometres  pour  apprEcier  la  matiere  grasse  dans  les  laits 
pasteurises  (pp.  500-502).  Delepine ,  Chloromer curates  et  iodomercurates  d’hexamEthylEne- 
amine(pp.  494-497).  DeUpine,  HexamEthylene-amine.  Action  du  chlorhydrate  de  phenyl- 
hydrazine  (pp.  492-494).  Dufet ,  H. ,  Sur  les  ferrocyanure,  rutheniocyanure  et  osmio- 
cyanure  de  potassium  (p.  511).  Duvillier ,  E.,  Sur  l’acide  dimEthylamido-a-caproique 
(pp.  484-487).  Duvillier ,  E. ,  Sur  1’ethylhydantoine-propionique  (pp.  487-490).  Forcrand 
de,  Sur  l’ethylate  de  calcium  (p.  512).  Guy,  P.  A.,  et  Gautier,  Superposition  des  effets 
optiques  des  divers  carbones  asymetriques  dans  une  meme  molecule  active.  II.  (pp.  457- 
464).  Guye,  P.  A.,  et  Rossi,  B.,  Contribution  a  l’etude  de  la  dissociation  des  sels  actifs 
en  solution  (pp.  464-469).  Jean,  F.,  Preparation  de  l’ethylamine  par  la  reduction  de 
1  aldehyde  d’ammoniaque  (p.  474).  Pictet,  A.,  et  Hubet,  A.,  Sur  un  procede  de  synthese 
de  la  phenantridine  et  de  ses  derives  (p.  512).  Simon,  L.,  Action  des  amines  aromatiques 
primaires  sur  les  composes  cetoniques  dissymetriques  (pp.  474-484).  Tanret ,  C.,  Sur 
l’etat  amorphe  des  corps  fondus  (pp.  454-457).  Tasilly,  Etude  thermiques  des  iodures 
anhydres  de  baryum  et  de  strontium  (pp.  449-451).  Varet,  R.,  Recherches  sur  les 
chaleurs  de  combinaison  du  mercure  avec  les  elements  (pp.  451-454).  Vaudin,  L.,  Sur 
le  phosphate  de  chaux  du  lait  (pp.  469-471).  Prud' homme,  M.,  Sur  le  mordant  de 

glucine  (pp.  509-511). 

Tome  cxx.  No.  13.  Comptes  Rendus  hebdomadaires  de  VAcademie  des  Sciences. 

(1st  April,  1895.) 

Dehirain,  P.  P.,  Sur  la  composition  des  eaux  de  drainage  (pp.  701-707).  Maze,  Sur  le 
premier  thermometre  a  mercure  (pp.  732-733).  Tassilly,  Etude  thermique  des  iodures 
anhydres  de  baryum  et  de  strontium  (pp.  733-735).  De  Koninck,  Sur  les  propriEtEs  des 
sels  de  nickel  et  de  cobalt  (pp.  735-737).  De  Foixrand ,  Sur  les  alcoolates  de  chaux  et  de 
baryte  (pp.  737-740).  Rosenstiehl,- A.,  Sur  les  bases  ammonites,  dErivEes  de  1’hexamEthyl 
triamidotriphenylmEthane,  et  de  leur  action  sur  les  fuchsines  (pp.  740-743).  Delepine, 
Sur  quelques  nouvelles  combinaisons  de  1’hexamEthylene-amine  (pp.  743-745). 

Tome  cxx.  No.  14.  (8th  April,  1895.) 

Guntz,  Sur  une  experience  simple  montrant  la  presence  de  l’argon  dans  l’azote  atmosphErique 
(pp.  777-778).  De  Gramont,  A.,  Sur  les  spectres  du  selenium  et  de  quelques  sElEniures 
(pp.  778-781).  Denigbs,  G.,  Sur  le  dosage  du  thiophene  dans  la  benzine  (pp.  781-783). 
Maument ,  E. ,  De  faction  du  permanganate  de  potasse  avec  diverses  matieres  organiques 
(pp.  783-785).  Vaudin,  L.,  Sur  le  phosphate  de  chaux  du  lait  (pp.  785-787). 

Tome  cxx.  No.  15.  (16th  April,  1895.) 

Berthelot ,  Observations  sur  le  argon  :  spectre  de  fluorescence  (pp.  797-801).  Grdhant ,  N.,  Sur 
les  produits  de  combustion  de  l’arc  Electrique  (pp.  815-816).  Berthelot,  D.,  Sur  une 
nouvelle  mEthode  pour  la  mesure  des  tempEraturs  (pp.  831-834).  Clbve,  P.  F.,  Sur  la 
presence  de  Thulium  dans  la  clEvEite  (pp.  834-835).  Le  Chatelier ,  H.,  Sur  les  combinaisons 
ddfinies  des  alliages  metalliques  (pp.  835-837).  Henry ,  L.,  Sur  les  aldehydes  aliphatiques 
C  H211  O  (pp.  837-840).  Cousin ,  H. ,  Action  des  halogenes  sur  la  pyrocat6chine  (pp.  840- 
842). 


Tome  cxx.  No.  16.  (22nd  April,  1895.) 

De  Lannoy,  S.,  Sur  la  dilatation  de  l’eau  (pp.  866-868).  Violle,  /.,  Chaleur  spgcifique  et  point 
d'  Ebullition  du  carbone  (pp.  868-869).  Branby ,  E.,  Resistance  Electrique  au  contact  de 
deux  mEtaux  (pp.  869-872).  Pionchon ,  J. ,  Sur  une  mEthode  optique  d’etude  des  courrants 
alternatifs  (pp.  872-875).  Lumi'ere,  A.,  et  L.,  Sur  la  photographie  en  couleurs  naturelles 
par  la  mEthode  indirecte  (pp.  875-876).  Guye,  P.  A.,  Rotation  molEculaire  et  dEviation 
molEculaire  (pp.  876-878).  V.ille ,  /. ,  et  Astre,  C.,  Sur  quelques  derivEs  de  l’acide  quinone- 
di-o-amino-  benzoi’que  (pp.  878-880). 
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Tome  cxx.  No.  17.  (29th  April  1895.) 

Varet,  A\,  Nouvelles  recherches  sur  les  chaleurs  de  combinaison  du  mercure  avec  les  616ments 
(pp.  921-923).  Granger,  A . ,  Sur  l’action  des  combinaisons  halog£n6es  du  phosphore  sur 
le  cuivre  mdtallique  (pp.  923-924).  Lepierre ,  C. ,  Recherches  sur  le  manganese  (pp.  924- 
927).  BJhal,  A . ,  Amides  et  acides  camphol6niques  (pp.  927-930).  Ferric?-,  G. ,  Com¬ 
binaisons  doubles  du  chlorure  d’aluminium  anhydre  avec  les  composes  nitres  appartenant 
a  la  s£rie  aromatique  (pp.  930-933).  Lafon,  P.,  De  l’erreur  qu’  on  peut  commettre,  par 
l’emploi  de  la  liqueur  de  Fehling,  pour  la  recherche  du  sucre  dans  les  urines  des  personnes 
soumises  au  traitement  du  sulfonal  (pp.  933). 

Tome  i.  No.  8.  Journal  de  Pharmacie  et  de  Chimie.  (15th  April,  1895.) 

Cazeneuve  et  H  addon,  Sur  Tinfid61it6  des  cr£mometres  pour  appr6cier  la  mature  grasse  dans 
les  laits  pasteurises  (pp.  393-395).  Lescoeur,  Le  mouillage  du  lait.  Son  controle  par 
l’examen  du  petit-lait  (pp.  395-397).  D'Abbdie,  Remede  prophylactique  des  fi&vres 
palud6ennes  (pp.  397-398). 

Tome  i.  No.  9.  (1st  May,  1895.) 

Bozirquelot,  E. ,  et  Gley,  E. ,  Sur  les  propriety  d’un  liquide  consider^  comme  provenant  d’une 
flstule  pancr6atique  chez  l’homme  (pp.  441-444).  Bruylants,  G.,  Reactions  nouvelles  de 
la  morphine  (pp.  444-447).  Fanret ,  C.  Sur  l’dtat  amorphe  des  corps  fondus  (pp. 

447-457)- 

Tome  xxvii-.  No.  1.  Journal  de  la  Societe  Physico-chimique  Russe. 

Schalfief,  Sur  la  preparation  de  la  hemine  (pp.  1-8).  Eawossky,  Al.,  Recherches  sur  les 
changements  isomeriques  parmi  les  ketones,  les  aldehydes  les  alcohols  chlores  et  les 
oxydes  chlorosubstitues.  II.  (pp.  8-49).  Tanatar,  Choina  et  Kosy?ieff,  Sur  la  depression 
de  quelques  electrolytes  et  non-electrolytes  dans  plusieurs  dissolvants  (pp.  49-54)- 
Mikhailenko ,  Sur  la  reaction  de  l’eau  en  presence  de  l’oxyde  de  plomb  sur  les  bromures 
de  hydrocarbures  ethyieniques  (pp.  54-  61).  Mensclintkin,  Sur  la  vitesse  de  la  formation 
des  amines.  Lidow,  Sur  l’influence  de  la  temperature  sur  la  reaction  ela'idique.  Miller, 
Sur  les  produits  de  decomposition  du  diimidonaphtol  sous  l’influence  de  l’eau  et  sur  la 
amino-a-naphtoquinone.  Gosbow,  Sur  T  Argon,  nouveau  constituant  de  l’athmosphere 
(pp.  61-68). 

Band  cclxxxv.  Heft  1  und  2.  Justus  Liebig' s  Annalen  der  Chemie. 

(5th  April,  1895.) 

Wislicenus,  W.,  und  Nassauer,  M.,  Ueber  den  Oxalbernsteinsaureester  (pp.  1-11). 
Wislicenus,  W.,  und  Boeckler ,  A.,  Ueber  den  Di-oxalbernsteinsaureester  (pp.  11-3S)- 
Guthzeit,  M.,  Weitere  Beitrage  zur  Synthese  von  Pyridlinderivaten  aus  Abkommlingen 
des  “Cumalins”  (a-Pyrons).  I.  Uebersicht  und  Einleitung  (pp.  35-61).  Haussmann, 
E.,  Einwirkung  von  Aethylamin  auf  6-Aethoxylcumalin-  3,  5-dicarbonsaurediathylester 
(pp.  61-108).  Band ,  G.,  Einwirkung  von  Anilin  auf  den  Diathylester  der  6-Aethoxyl- 
cumalin-  3,  5-dicarbonsaure  und  der  Diacarboxvlglutaconsaure  und  dei  Dicarboxyl- 
glutaconsaure  (pp.  108-154).  Freund ,  M.,  Ueber  die  Einwirkung  von  Brom  auf  Senfole 
(pp.  154-166).  Freund,  M.,  und  Asbrand,  £.,  Ueber  die  Einwirkung  von  Brom  auf 
Methylsenfol  (pp.  116-184).  Freund ,  M.,  und  Bachrach ,  G.,  Ueber  die  Einwirkung  von 
Brom  auf  Aethyl  und  Phenylsenfol  (pp.  184-203).  Conrad,  M.,  und  Schmidt ,  L.,  Ueber 
die  Einwirkung  von  Thioharnstoff  auf  Monobrommalonsaureester,  Mono-  und  Di-brom- 
lavulinsaure  (pp.  203-212).  Auwers,  K. ,  Studien  in  der  Bernsteinsaure-  und  Glutarsaure 
Gruppe.  Ueber  Trennung  und  Identificirung  alkylirter  Bernsteinsauren  und  Glutar- 
sauren  (pp.  212-229).  Auwers,  K.,  Ostwald,  A.,  und  Ihorpe,  J.  F.,  Lebei  Anilsaure 
und  Anile  Alkylirter  Bernsteinsauren  und  Glutarsauren  (pp.  229-239). 

Band  liv.  Heft  4.  Annalen  der  Physik  und  Chemie  ( Wiedemann ). 

(31st  March,  1895.) 

Berthold,  G.,  Die  Originalluftpumpe  Otto  von  Guericke's  (pp.  724'727)-  Warburg,  E.,  NoUz 
ueber  die  Wirkung  der  Glimmentladung  auf  Bleioxyd  (pp-  727-731)-  Eieck,  P-< 
das  Gleichgewicht  zwischen  einem  festen,  homogen  deformirten  Kdrperund  emer  flussigen 
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Phase,  insbesondere  ueber  die  Depression  des  Schmelzpunktes  durch  einseitige  spannung 
(pp.  731-739).  Riecke ,  E.,  Ueber  die  Zustandsgleichung  von  Clausius  (pp.  739-745). 

Jahrgang  xxviii.  No.  6.  Berichte  der  Deutschen  Chemischen  Gesellschaft. 

(8th  April,  1895.) 

Aschan,  O.,  Ueber  Camphersauredianilid  (pp.  530-531).  Jannasch,  P.,  und  Weiler,  M., 
Ueber  die  Oxydationsproducte  des  Isodurols  (pp.  531-535).  Bamberger  E. ,  und  Kispal , 
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H.  C.,  The  Determination  of  Nitrogen  in  Fertilisers  Containing  Nitrates  (pp.  S^7~S7^)- 
Hart,  E.,  On  Condensation:  and  especially  on  the  Condensation  of  Nitric  Acid  (pp. 
576-580).  Hart,  E.,  Some  Points  in  the  Distillation  of  Nitric  Acid  (pp.  580-584). 

Vol.  xvii.  No.  6.  American  Chemical  Journal.  (June,  1895.) 

Wheeler,  H.  L.,  On  the  Action  of  Benzimidomethyl  Ether  on  Aromatic  Ortho  Compounds 
(pp.  397-403).  Gomberg,  M. ,  O11  the  Action  of  some  Inorganic  Cyanides  upon  Chloio- 
caffeine  (pp.  403-421).  Noyes,  W.  A.,  Camphoric  Acid  (pp.  421-435).  Curtiss ,  R.  S., 
On  Some  Experiments  with  Acetylacetone  and  Acetacetic  Ether  (pp.  435-443)-  Rustle, ./. 
H. ,  and  Reiser,  B.  C.,  On  the  Determination  of  the  Affinities  of  Acids  Colorimetrically 
by  means  of  Potassium  Dichromate  (pp.  443-449).  Mixter,  W.  G.,  On  Some  Azo  and 
Azimido  Compounds  (pp.  449-454).  Shober,  W.  B.,  and  Kiefer,  H.  E.,  On  the  Action 
of  Certain  Alcohols  with  Metadiazobenzene-sulphonic  Acid  (pp.  454-461). 

Vol.  xx.  No.  231.  The  Analyst.  (June,  1895.) 

Blythe,  A.  W.,  The  Identification  and  Estimation  of  Carbohydrates  in  Milk  (pp.  121-129). 
Dyer,  B.,  and  Gilbard,  J.  F.  H.,  Notes  on  Cinnamon  (pp.  129-131).  Chattaway, 
Pearmain,  and  Moor,  The  Composition  of  Some  English  Cheeses  (pp.  132-134)* 
Pearmain,  T.  H.,  The  Testing  of  Oils  with  the  Oleo-Refractometer  (pp.  W^6)- 
Renrick,  E.  B.,  Note  on  the  Detection  of  Cotton-Oil  in  Lard  (p.  136), 
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Vol.  lxvii.  No.  391.  Journal  of  the  Chemical  Society.  (June,  1895.) 

Cl  eve,  P.  T.,  Marignac  Memorial  Lecture.  The  Life  Work  of  Marignac  (pp.  468-489). 
Tilden,  IV.  A.,  and  j Forster,  M.  O.,  Action  of  Nitrosyl  Chloride  on  Amides  (pp.  489- 
494)>  Tilden,  W.  A.,  and  Marshall,  B.  M.  C.,  Action  of  Nitrosyl  Chloride  on 
Asparagine  and  Aspartic  Acid.  Formation  of  Laevorotatory  Chlorosuccinic  Acid  (pp. 
494-496).  Perkin,  A.  G.,  and  Geldard,  /. ,  A  Constituent  of  Persian  Berries  (pp.  496- 
502).  Kipping ,  F.  S.,  and  Russell,  O.  F. ,  Paraheptotoluene  and  its  Derivatives  (pp. 
502-509).  Burrows,  M.  l/V .,  and  Bentley,  IV.  H.,  Methylisobutylacelic  Acid  CH  (CH3)2 
CH2-CH-(CH3)-COOH  (pp.  5°9"5i3)-  Barnett,  R.  E.,  Note  on  the  Formation  of 

Platinic  Pyrophosphate  (pp.  513-515).  Bosek,  O. ,  Action  of  Hydrogen  Sulphide  on 

Antimonic  Acid  Solutions  (pp.  515-527).  Brauner,  B.,  Action  of  Hydrogen  Sulphide  on 
Solutions  of  Antimonic,  Arsenic  and  Telluric  Acids  (pp.  527-548). 

Vol.  xiv.  No.  5.  Journal  of  the  Society  of  Chemical  Industry. 

(31st  May,  1895.) 

Cook,  F.  71/.,  The  Use  of  Hot  Air  in  Drying  (pp.  421-427).  Cameron,  A.,  The  Estimation  of 
Alkaline  Salts  in  Fireclays,  Manures,  etc.  (pp.  427-428).  Hurter,  F,  Notes  on  the 
Efficiency  of  Electrolytic  Apparatus  (pp.  428-433).  Flintoff,  R.  J.,  Experiments  on  the 
Pink  Coloration  produced  during  the  Developments  of  Aniline  Black  on  Cotton  (pp. 
434435)-  Stenhouse ,  T.,  Notes  on  Experiments  with  Liquid  Gas  Enrichers  (pp.  435-436). 
Weber,  C.  ().,  On  the  Vulcanisation  of  India-Rubber  (pp.  436-443).  Pattinson,  J.,  and 
Pattinson,  H.  S.,  Note  on  the  Estimation  of  Phosphorus  in  Iron  and  Iron  Ores,  contain¬ 
ing  Titanium  (pp.  443-444).  Stead ,  J.  E.,  Determination  of  Arsenic  in  Iron  Ores  and  in 
Steel  and  Pig-Iron  (pp.  444-446).  Paton,  J.  M.  C. ,  Note  on  Variations  in  Determina¬ 
tions  of  Oil  in  Linseed  Cake  (pp.  446-448).  El  erf  el dt ,  E.,  The  Bacteria  of  Stable  Manure, 
and  their  Action  (pp.  449-452).  Hummel ,  J.  J.,  and  Gardner,  W.  71/.,  On  the  Mordanting 
of  Wool  with  Chromium  V.  (pp.  452-458I.  Hummel ,  /.  /.,  and  Perkin,  A.  G.,  The 
Tinctorial  Properties  of  some  Indian  Dyestuffs  II.  (pp.  458-461).  Perkin,  A.  G.,  Notes 
on  the  Purification  of  some  Congo  and  Acid  Red  Colours  (pp.  461-463).  Donald,  G. , 
Cyanides  of  Iron  as  Mordants  for  Basic  Aniline  Dyes  (p.  464).  Keller,  L.  F.,  On  the 
Determination  of  Morphia  in  Opium  (pp.  464-468). 

Vol.  xxxix.  No.  241.  The  Philosophical  Magazine  and  Journal  of  Science. 

(June,  1895.) 

Schuster ,  A .,  On  the  Scale-Value  of  the  late  Dr.  Joules’  Thermometers  (pp.  477-501).  Picker- 
mg,  S.  U.,  The  Heat  of  Combination  of  Substances  in  the  Liquid  and  Solid  Condition 
(PP-  Sio-529). 

Vol.  Ivii.  No.  345.  Proceedings  of  the  Royal  Society .  (24th  May,  1895.) 

Lewes,  V.,  The  Action  of  Heat  upon  Ethylene  (pp.  394-404).  Frankland,  E. ,  On  the  Con¬ 
ditions  affecting  Bacterial  Life  in  Thames  Water  (pp.  439-450).  Lewes,  V.  B.,  The 
Cause  of  Luminosity  in  the  Flames  of  Hydrocarbon  Gases  (pp.  450-468).  Baly,  E.  C.  C., 
A  possible  Explanation  of  the  two-fold  Spectra  of  Oxygen  and  Nitrogen  (pp.  468-469). 
MacDonald ,  G.  IV. ,  and  Kellas,  A.  AL,  Is  Argon  contained  in  Vegetable  or  Animal 
Substances  ?  (pp.  490-493). 

Tome  5.  Annales  de  Chimie  et  de  Physique.  (June,  1895.) 

Bn /helot,  Foi mation  thermique  des  sels  rapporths  h  l’dtat  solicle ;  donndes  numdriques  (pp. 
I45-  IS5).  Bat  helot,  Formation  des  sels  solides  par  1  union  de  composants  gazeux  ou 

liquides  (pp.  185-194).  Berthelot ,  Formation  des  sels  par  la  combinaison  des  anhydrides 
(pp.  194-210).  Battelli,  A.,  Des  propriety  thermiques  des  vapeurs  (pp.  256-275).  De 
Forcrand,  Recherches  thermochimicjues  sur  Porcine  (pp.  275-288). 

I  omes  xiii.-xiv.  No.  10.  Bulletin  de  la  Societe  Chimiqne  de  Paris. 

(20th  May,  1895.) 

Brocket,  A.,  et  Cambier,  R. ,  Preparation  de  la  monom£thylamine  (pp.  533-^37).  Deniges, 
G.,  Sur  deux  combinaisons  du  sulfate  mercurique  avec  le  thiophene  permettant  le  dosage 
de  ce  corps  dans  les  benzines  de  commerce  (pp.  537-546).  Henry,  L. ,  Sur  le  mhthylal 
hthyienique  (p.  591).  Lindeman  et  Motteu,  Sur  le  phosphate  ammoniaco-manganeux 


ENUMERATION  OF  TITLES . 


xxxix 


et  son  emploi  dans  le  dosage  volumetrique  de  l’acide  phosphorique  (pp.  523~533). 
Prud'homme ,  AL,  La  question  des  iuchsines  acides  (pp.  581-583).  Rosenstiehl,  A.,  Sur 
les  dthivfis  ammonias  de  1  hexamdthyltriamidotri  ph£nylm6thane,  de  son  carbinol  et  de 
ses  fitheis  mixtes  (pp.  546-581).  Eorestier,  H.,  Essai  des  aciers,  fers  et  fontes  par 
l’analyse  chimique  (pp.  583-591). 

Tomes  xiii.-xiv.  Non.  (5th  June,  1895.) 

Cazeneuve,  P.,  et  Hugounenq ,  Sur  la  composition  des  vins  de  Samos  employes  dans  la  fabrica¬ 
tion  des  vermouths  (pp.  601-602).  Girard,  A.,  Sur  le  dosage  des  composes  tanniques 
(pp.  621-622).  Lepierre,  C.,  Recherches  sur  le  manganese  (pp.  594-598).  Mosnier,  A., 
Sur  quelques  combitiaisons  de  1  iodure  de  plomb  avec  d'autres  iodures  m6talliques  ou 
organiques  (pp.  618-620).  Sabatier ,  P. ,  Sur  les  chlorures  mfitalliques  hydrates.  Response 
a  M.  Lescoeur  (pp.  598-601).  Vigouroux,  Sur  l’analyse  clu  silicium  (pp.  620-621). 
V igouroitx,  Sur  les  proprifitfis  du  silicium  amorphe  (pp.  616-618).  Levat,  £>.,  Etat  actuel 
de  la  production  et  de  la  consommation  des  phosphates  (pp.  602-616). 

Tome  cxx.  No.  18.  Comptes  Rendus  hebdomadaires  de  VAcademie  des  Sciences. 

(6th  May,  1895.) 

Schulzenberger ,  P.}  Recherches  sur  les  terres  de  la  cfirite  (pp.  962-966).  Moissan,  H.,  Action 
du  fluor  sur  l’argon  (pp.  966-969).  Pa  ret,  R. ,  Recherches  sur  les  sulfate,  nitrate  et 
acetate  mercureux  (pp.  997-1000).  Gilson,  E.,  De  la  presence  de  la  chitine  dans  la 
membrane  cellulaire  des  Champignons  (pp.  1000-1002). 

Tome  cxx.  No.  19,  (13th  May,  1895.) 

Berthelot,  Relations  thermochimiques  entre  les  fitats  isom6riques  du  glucose  ordinaire  (pp. 
1019-1023).  Ramsay ,  Sur  l’argon  et  l’hfilium  (pp.  1049-1050).  Le  Chatelier,  Sur  la 
combinaison  d6finie  des  alliages  cuivre-aluminium  (pp.  1050-1051).  Campredon,  L., 
Dosage  du  soufre  dans  les  fontes,  les  aciers  et  les  fers  (pp  1051-1054).  Varet ,  R., 

Recherches  sur  les  clilorure,  bromure,  iodure  et  oxyde  mercureux  (pp.  1054-1057).  Etard, 
A.,  Sur  l’origine  moEculaire  des  bande  d’absorption  des  sels  de  cobalt  et  de  chrome  (pp. 
1057-1060).  Tanret ,  C.,  Sur  les  modifications  moleculaires  du  glucose  (pp.  1060-1063). 
Alantrand,  C.  M. ,  Sur  l’emploi  de  chlorure  de  carbone  comme  agent  de  separation  du 
methylene  de  l'alcool  ethylique  (pp.  1063-1064).  Griffiths,  A.  B. ,  Sur  un  pigment  brun 
dans  les  filytres  de  Curculio  cupreus  (pp.  1064-1065). 

Tome  cxx.  No.  20.  (20th  May,  1895.) 

Berthelot  et  Rivals ,  Nouvelles  recherches  sur  les  relations  thermochimiques  entre  les  aldehydes, 
les  alcools  et  les  acides  (pp.  1086-1095).  Chalin ,  A.,  et  Muntz,  A.,  Existence  du  phos- 
phore  en  proportion  notable  dans  les  huitres  (pp.  1095-1097).  De  Boisbaudrah,  L., 
Classification  des  elements  chimiques  (pp.  1097-1103).  Lockyei ,  N. ,  Sur  l’analyse  spec- 
trale  des  gaz  degages  par  divers  mineraux  (pp.  1103-1105).  Haller,  A.,  et  Minguin,  J. , 
Sur  les  proprietes  hydrogenantes  des  alcoolates  de  sodium  a  haute  temperature  (pp.  1105- 
1107).  Deslandres ,  H. ,  Comparaison  entre  les  spectres  du  gaz  de  la  clfiveite  et  de  l’atmo- 
sphere  solaire  (pp.  1112-1114).  Varet,  R.,  Sur  les  transformations  isomeriques  des  sels 
de  mercure  (pp.  1114-1115).  Phomas,  V.,  Action  du  peroxyde  d'azote  sur  les  sels 
halogenes  d’antimoine  (pp.  1115-1117).  Rivals,  P.,  Chaleurs  de  formation  du  chlorure 
de  benzoyle  et  du  chlorure  de  toluyle  (pp.  1117-1120).  Grandval,  A.,  et  Lajouz,  H., 
iNude  de  la  §6n6cionine  et  de  la  senecine  (pp.  1120-1123).  Rabaut,  C.,  Sur  la  benzene- 
sulfonorthotoluidine  et  quelques-uns  de  ses  dfirivfis  (pp.  1123-1126).  Thezard ,  Analyse 

d'un  os  de  momie  (pp.  1126-1128).  Griffiths,  A.  B. ,  et  Massey,  C.,  Sur  une  leucomaine 
extracte  des  urines  dans  l’Angina  pectoris  (pp.  1128-1129). 

Tome  cxx.  No.  21.  (27th  May,  1895.) 

Schutzenberger ,  P.,  Contribution  a  l’histoire  des  terres  de  la  cfirite  (pp.  1143-1147).  Sabatier, 
P. ,  et  Senderens ,  J.  B. ,  Sur  la  reduction  de  l’oxyde  azotique  par  le  fer  011  le  zinc  humides 
(pp.  1158-1161).  Vigouroux,  Sur  la  reduction  de  la  silice  par  l’aluminium  (pp.  1161-1164). 
Lodin,  A.,  Etude  de  quelques  propri^tfis  des  reactions  du  sulfure  de  plomb  (pp.  1164- 
1167).  BHial,  A.,  Sur  les  dfirivfis  campholfiniques  (pp.  1167-1170).  Roques,  F.,  Sur  la 
cinchonicine  cristallisfie  (pp.  1170-1174).  Simon,  L.,  Transformation  d  un  sel  d  aniline 
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en  acide  anile  (pp.  1174-11 77).  Renard,  A.,  Sur  l’azobenzene  (pp.  1177-1179).  Rouvier , 
G.,  De  la  fixation  de  l'iode  par  l’amidon  de  pomme  de  terre  (pp.  1179-1180)  Oechsner  de 
Coninck,  Sur  l’eiimination  de  la  magn^sie  chez  les  rachitiques  (pp.  1180-1181). 

Tome  cxx.  No.  22.  (4th  June,  1895.) 

De  Boisbaudran ,  L.,  Volume  des  sels  dans  leurs  dissolutions  aqueuses  (pp.  1190-1193). 
Haller,  A.,  Sur  les  acides  m^thdniques  et  mdthiniques.  Contribution  a  l’dtude 
des  ethers  acetylcyanacetiques  de  la  formule  gen6rale  [CnH2u  +  1'CO,CH'CN-C02R]  or 
[CnH2n  +  i*CH  :  COH-CH-CN-C02R]  (pp.  1193-1197).  Clerue ,  Surladensitfi  de  l’heiium 

(p.  1212).  Sabatier ,  P.,  et  Senderens,  J.  B.,  Sur  la  reduction  de  l’oxyde  azoteux  par 
les  mfitaux  en  presence  de  l’eau  (pp.  1212-1215).  De  For cr and,  Clialeur  de  formation  de 
l’acetylure  de  sodium  (pp.  1215-1218).  Rivals,  P.,  Sur  le  chlorure  de  phtalyle  et  le 
phtalide  (pp.  1218-1220).  Guinchant,  /• ,  Conductibilite  de  quelques  ethers  j3-cetoniques 
(pp.  1220-1223).  Burcker,  F.,  Dosage  des  acides  volatiis  dans  les  vins  (pp.  1223-1226). 

i5e  Annee,  Tome  i.  No.  10.  Journal  de  Pharmacie  et  de  Chimie. 

(15th  May,  1895.) 

Caseneuve,  Recherches  sur  la  sterilisation  du  lait  et  la  fermentation  lactique  (pp.  489-496). 
Sauvan ,  L.,  Recherches  sur  la  localisation  de  la  brucine  et  de  la  strychnine  dans  les 
semences  de  “  Strychnos  Nux-Vomica,  S.  Ignatii,  S.  Gaulteriana”  (pp.  496-499). 
Galaine,  Nouveaux  densimetres  compensateurs  (pp.  499-503). 

i5e  Annee,  Tome  i.  No.  11.  (1st  June,  1895.) 

Hugounenq,  Action  de  l’eau  et  de  l’alcool  sur  l’aluminium  du  commerce  en  presence  d’autres 
mfitaux  (pp.  537-539).  Pannetier,  A.,  Note  sur  l’allaitement  artificiel  aseptique  (pp.  539- 
543).  Causse  H.,  Dosage  de  l'azote  organique,  par  la  proc6dfi  Kjeldahl,  en  l’absence  des 
nitrates  (pp.  543'549)-  Roeser,  P.,  Analyse  d’un  vin  de  grenache  (pp.  549-551).  Linache , 
Sur  la  siccativite  des  matieres  grasses  en  general,  et  leur  transformation  en  produits 
elastiques  analogues  a  la  linoxine  (pp.  551-555). 

Tome  xxvii.  No.  2.  Journal  de  la  Societe  Physico-chimique  Russe. 

MendeUef,  Sur  la  place  de  l’argon  dans  le  systeme  periodique.  Panormoff,  Sur  les  combin- 
aisons  cristallisfies  de  l'albumine  avec  les  acides.  Ztlinsky,  Sur  la  synthese  des  hydro- 
carbures  de  la  naphte.  Klimenko,  Sur  le  reaction  de  l’acide  hypoehloreux  sur  1’iodure  de 
potassium.  Klimenko  Sur  la  reaction  de  l’acide  hypoehloreux  sur  les  chlorures  de  cobalte 
et  de  manganese  (pp.  69-77).  Panfiloff,  Sur  les  hydrates  de  bromure  et  de  iodure 
d’aluminium  a  quinze  molecules  d'eau  (pp.  77-80).  Oglobline,  Sur  la  decoloration  des 
pigments,  fixes  au  coton  (pp.  80-96).  Menschutkin,  Sur  la  vitesse  de  formation  des 
amines.  I.  (pp.  96-119).  Kissel,  Sur  l’isonitrosochloracetone  (pp.  x  19-129).  Tanatar, 
Cho'ina,  et  Kosyreff,  Sur  les  depressions  de  quelques  electrolytes  et  non-electrolytes  dans 
plusieurs  dissolvants  (pp.  129-133).  Tanatar,  Sur  la  transformation  du  trimethylene  en 
propylene  (pp.  133-136). 


Tome  xxvii.  No.  3. 

Menschutkin ,  Sur  la  vitesse  de  formation  des  amines.  II.  (pp.  137-158).  Panormoff,  Sur  les 
combinaisons  cristallisees  de  l’albumine  avec  les  acides  (pp.  158-177).  Lidoff,  Sur 
l’influence  de  la  temperature  sur  le  reaction  eiaidique  (pp.  177-182).  SchalfMff  Sur  le 
preparation  de  la  hemine  (pp.  182-185).  Tistchenko  et  Zawoiko,  Action  de  l’hydrogene 
sur  le  phosphor  rouge  (pp.  185-189).  Klimenko,  Sur  la  reaction  de  l’acide  hypoehloreux 
sur  les  chlorures  de  cobalte  et  de  manganese  (pp.  189-196). 

Band  cclxxxvi.  Heft  1.  Justus  Liebig's  Annalen  der  Chemie. 

(15th  May,  1895.) 

Fi  ilsch,  P. ,  Synthesen  in  der  Isochinolinreihe.  Ueber  substituirte  Isochinoline  und  deren 
Tetrahydroderivate  ;  Synthese  des  Hydrastinins  (pp.  1-27).  Zincke,  T.,  und  Schmidt,  M., 
Ueber  Naphtazarin  (pp.  27-58).  Zincke ,  7.,  und  Wiegand,  P .,  Untersuchungen  ueber 
aa-Diketotetrahydronaphtylenoxyd  (pp.  58-90).  Wallach,  O. ,  Zur  Kenntniss  der  Terpene 
und  der  atherischen  Oele.  33  (pp.  90-119).  Wallach,  O.,  Ueber  gebromte  Derivate  der 
Carvonreihe  (pp.  1 19-143). 
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Band  cclxxxvi.  Heft  2.  (28th  May,  1895.) 

Fischer,  O.,  Beitrage  zur  Kenntniss  der  aromatischen  Nitrosobasen  (pp.  145-187).  Fischer 

O"  und  He&'  E"  Studien  in  der  Indulingruppe  V.  (pp.  187-248).  Freund,  M.,  Unter- 
suchungen  ueber  das  Narcei'n  II.  (pp.  248-255). 

Band  ccxxxiii.  Heft  3.  Archiv  der  Pharmacie.  (20th  May,  1895.) 

Pommerehne,  H.,  Ueber  die  Alcaloide  von  Berberis  aquifolium  (pp.  161-174).  Gildemeister 
E.,  Beitrage  zur  Kenntnis  der  atherischen  Oele  von  Citrus  Limetta  und  Origanum 
Smyrn  (pp.  174-189).  Rossler,  O. ,  Ueber  Cultivirung  von  Crenothrix  polyspera  auf  festem 
Nahrboden  (pp.  187-191).  Helm,  O.,  Ueber  den  Gedanit,  Succinit  und  eine  Abart  des 
letzteren  den  sogenannten  miirben  Bernstein  (pp.  191-199).  Boettinger,  C.,  Zur  Kenntniss 
der  Glyoxylsaure  (pp.  199-209).  Baur,  A.,  Ueber  das  Burseraceen-Opoponax  (pp  209- 
240). 

Jahrgang  xxviii.  No.  8.  Berichte  der  Deutschen  Chemischen  Gesellschaft. 

(13th  May,  1895.) 

Hantzsch,  A.,  und  Mai  L.,  Ueber  Phenylimidokohlensaure  ather  (pp.  977-984).  Fischer,  E 
und  Lindner,  P.,  Ueber  die  Enzyme  von  Schizo-Saccharomyces  octosporus  und  Sac- 
charomyces  Marxianus  (pp.  984-986).  Goldschmidt ,  C„  Ueber  Benzylidenacetophenon- 
derivate  (pp.  986-987).  Ruhemann,  S.,  und  Morrell,  R.  S.,  Bemerkungen  beziiglich  der 
Constitution  der  Pyrazolone  (pp.  987-989).  Bistrzycki,  A.,  und  Flatau,  /.,  Ueber  die 
Condensation  von  Mandelsaure  mit  Phenolen  (pp.  989-991).  Jaubert,  G.  F,  Ueber  das 
Phenolnaphtalein  (pp.  991-994).  Jannasch ,  P.,  und  v.  Cloedt,  £.,  Ueber  quantitative 
Metalltrennungen  in  alkalischer  Losung  durch  Wasserstoffsuperoxyd  (pp.  994-996). 
Divers,  E.,  und  Haga,  T.,  Ueber  Kaliumnitrososulfat  (stickoxydschwefligsaures  Kali), 
(pp.  996-1004).  V.  Miller ,  W.,  und  Plochl ,  /.,  Zur  Nicht-Existenz  stereoisomerer 
Carbodiphenylimide  (pp.  1004-1012).  Michaelis,  A. ,  Ueber  die  Einwirkung  anorganischer 
Chloride  auf  Piperidin  und  aliphatische  Amine  (pp.  1012-1019).  Ling,  A.  R.,  und 
Baker,  J.  L.,  Ueber  Octacetylmaltose  (pp.  1019-1022).  Zelinsky,  N.,  Zur  Kenntniss 
des  Hexamethylens  (pp.  1022-1025).  Gabriel ,  S.,  und  Posner,  T.,  Ueber  einige  Um- 
wandlungen  des  o-Nitrobenzylrhodanids  (pp.  1025-1029).  Gabriel,  S.,  Zur  Kenntniss 
der  halogenisviten  Amine  II.  (pp.  1029-1038).  Koenigs,  W.,  und  Meimberg,  F.,  Ueber 
einige  Derivate  des  y-Phenylchinaldins  und  7-Phenylchinolins  (pp.  1038-1046).  Koenigs, 
W.,  und  Jaegld,  G.,  Ueber  7-Phenyl-p-Methoxy-Chinaldin  und  eine  neue  Bildungsweise 
der  7-Phenylchinaldinsaure  (pp.  1046-1050).  Lintner,  C.  /.,  und  Krober,  E.,  Zur 
Kenntniss  der  Hefeglycase  (pp.  1050-1056).  V.  Miller,  W.,  und  Rhode,  Zur  Constitu¬ 
tion  des  Cinchonins  (pp.  1056-1077),  Angeli,  A.,  und  Rimini,  E.,  Ueber  die  Einwirkung 
von  salpetriger  Saure  auf  einige  Oxime  der  Campher-(Camphan-)  reihe  (pp.  1077-1079). 
Tiemann,  F.,  Ueber  Campher  (pp.  1079-1093). 

Jahrgang  xxviii.  No  9.  (27th  May,  1895.) 

Fromm,  E.,  und  Junius,  E.,  Ueber  Phenylmethyldithio  biuret  und  Phenylmethylthinret  (pp. 
1096-1102).  Fromm,  E.,  Condensation  des  Phenylmethyldithio  biurets  mit  Aldehyden 
und  Ketonen  (pp.  1102-1113).  Bondzynski ,  St.,  und  Gottlieb,  R.,  Ueber  Methylxanthin, 
ein  Stoffwechselproduct  des  Theobromins  und  Coffeins  (pp.  1113-1118).  Pawlewski,  Br., 
Ueber  die  Einwirkung  von  Phtalylchlorid  auf  die  Nitraniline  (pp.  1118-1120).  Otto,  R., 
und  Miihle,  K.,  Notiz  ueber  die  Darstellung  des  Aethylidendiphenylsulfons  (pp.  1120- 
1122).  Stobbe,  H.,  Ueber  die  Condensation  von  Ketonen  mit  Estern  zweibasicher 
Sauren  unter  dem  Einfluss  von  Natrinmathylat  (pp.  1122-1124).  Rothenburg, 

R.  von,  Berichtigung  (p.  1124).  Hantzsch,  A.,  Ueber  Bamberger’s  “  Isomerieer- 

scheinungen  auf  dem  Gebiete  der  Azokorper  ”  (pp.  1124-1127).  Angeli,  A.,  Ueber  die 
Verwandlung  des  Camphers  in  eine  isomere  ungesattigte  Verbindung  (p.  1127). 
Lellmann,  E.,  und  Ebel,  L.,  Zur  Kenntniss  amidirter  Benzenylamidophenole  (pp.  1127- 
1130).  Atiwers,  K.,  Bemerkungen  zu  der  Mittheilung  von  A.  Meyenberg.  Ueber  die 
Condensation  von  Malonester  mit  Aceton  (pp.  1130-1134).  Limpricht,  H.,  Ueber  die 
p-Toluyl-o-Benzoesaure  und  Benzophenondicarbonsaure  (pp.  1134-1135).  Radziewanowski 
C.,  Ueber  die  Anwendung  von  Metallischen  Aluminium  zu  den  Synthesen  aromatischer 
Kohlenwasserstoffe  (pp.  1135-1146).  Friedlaender ,  P.,  und  Moscyze ,  M.,  Ueber  einige 
Derivate  des  Benzylamins  (pp.  1140-1145).  Fischer,  £.,  Ueber  die  Verbindungen  der 
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Zucker  mit  den  Alkoholen  und  Ketonen  (pp.  1145-1167).  Fischer ,  E.,  Verbindungen 
dei  mehrwerthigen  Alkohole  mit  den  Ketonen  (pp.  1167-1170).  Ladenburg,  A.,  Ueber 
die  Spaltung  der  Pyroweinsaure  in  ihre  optische  Componenten  (pp.  1170-1171). 
Ladenburg ,  A.,  Ueber  das  y-Methyltetrahydrochinolin  (Kairolin)  und  das  Tetrahydro- 
chinolinmethylat  (pp.  1171-1173).  Klingenstein ,  E .,  Ueber  Aethyl-und  Propylglyoxalidin 
(pp.  1173-1176).  Baumann ,  G.,  Ueber  ein  Dimethyl-und  ein  Methylathylglyoxalidin, 
sowie  ueber  die  Spaltung  des  Propylendiamins  in  seine  beiden  optischen  Isomeren  (pp. 
1176-1180).  Schuftan,  A.,  Ueber  einige  Derivate  des  Antipyrins  (pp.  1180-1187). 
Scholtz ,  M.,  Ueber  einige  Condensationsproducte  des  Piperonyl-acroleins  und  ueber 
Kiintstliche  Piperine  (pp.  1187-1197).  Granger ,  /.  D.t  Ueber  eine  Synthese  des  f}. 
I  ropylpiperidins  (pp.  1197-1204).  Schiff,  R.,  Darstellung  Thioessigsaure,  deren  Beden- 
tung  fur  gerichtlichchemische  Untersuchungen  (pp.  1204-1206).  Schmidt ,  P.  F,  Reduc- 
tionsproducte  des  Oxalyediacetophenons  (pp.  1206-1213).  Jovitschitsch,  M.,  Ueber  die 
Oxydation  des  Isonitroso-acetessigesters  durch  Saltpetersaure  (pp.  1213-1218).  Bamberger, 
£.,  Die  Constitution  der  Isodiazohydrate  (pp.  1218-1223).  Harries ,  C.  D.,  Ueber  as. 
Phenylhydrazidoessigester  und  dessen  Verwandlung  in  Triazinderivate  (pp.  1223-1230). 
Keissett,  A .,  Zur  Reaction  zwischen  Phenylhydrazin  und  Chloressigather  (pp.  1230-1234). 
Markown ikoff,  F,  und  Konovalon ,  M.,  Untersuchungen  ueber  die  Isomeren  des  Hex- 
anaphtens  (Cyclohexan)  (pp.  1234-1237).  Michaelis,  A.,  und  Kdrsten ,  W.,  Ueber 
Sulfophosphazoverbindungen  (pp.  1237-1247).  Stoenner ,  R.,  und  Burkert ,  O.,  Ueber 
das  Pipeiidoacetal  (pp.  1247-1250).  Stoermer,  R.,  Ueber  das  Piperidoacetone.  II.  (pp. 
3:250-1253).  Stoermer,  R.,  Ueber  die  Einvvirkung  von  Chloraceton  auf  Natriumphenolate 
und  eine  Synthese  von  Cumaronderivaten  (pp.  1253-1254).  Meyer,  V.,  Ueber  die 
Esterbildung  aromatischer  Sauren  (pp.  1254-1270).  Van  Loon,  /.,  Ueber  Esterbildung 
bei  der  Mellithsaure  und  den  beiden  Hydromellithsauren  (pp.  1270-1274). 

Jahrgang  xxviii.  No.  10.  (10th  June,  1895.) 

Werner,  A.,  und  Buss,  H.,  Beobachtungen  ueber  Benzylather  von  Oximen  (pp.  1278-1280). 
Werner,  A.,  Beobachtungen  ueber  Nitrolsauren  (pp.  1280-1283).  Jagerspacher,  C., 
Weiteres  ueber  Formazylverbindurgen  (pp.  1283-1287).  Walden,  P.,  Ueber  optisch 
active  Halogenverbindungen  (pp.  1287-1298).  Hesse,  O.,  Notizen  ueber  einige  China 
alkoloide  (pp,  1298-1302).  Fromm,  E.,  Benzylchlorid  als  Entschweflungsmittel.  Ueber 
einige  Abkommlinge  des  Cyanamids  (pp.  1302-1308).  Wallach,  O.,  Ueber  Limonen- 
nitrosochloride  (PP41308-1315).  Hinsberg ,  O.,  Ueber  einige  Derivate  des  Diphenylsulfons 
und  des  Phenylnaphtylsulfons  II.  (pp.  1315-1318).  Nencki,  M.,  Ueber  das  Vorkommen 
von  Sulfocyansaure  im  Magensafte  (pp.  1318-1321).  Rugheimer ,  L.,  und  Kronthal,  W., 
Ueber  Benzylchinolin  (pp.  1321-1322).  Deningh,  A .,  Eine  Abanderung  der  Methode  von 
Baumann-Scholten  (pp.  1322-1323).  Wislicenus,  H.,  und  Kauffmann,  L.,  Amalgamates 
Aluminium  mit  Wasser  als  neutralers  Reductions mittel (pp.  1328-1328).  Sommer,  E.  A., 
Ueber  die  Einvvirkung  der  salpeterigen  Saure  auf  Styr'ol  (pp.  1328-1331),  Dennstedt,  M., 
und  Ahrens,  C.,  Ueber  die  Einvvirkung  von  salpetreger  Saure  auf  Inden  und  Cumaron 
(PP-  133I-I335 )-  Fischer,  O.,  Notiz  ueber  die  Bildung  von  Akridin  aus  o-Nitro- 
diphenylmethan(pp.  i335-I337)*  Fischer,  O. ,  Ueber  p-Diamidobenzylsulfid(pp.  1337-1341). 
Zelinsky,  N. ,  und  Rudewitsch,  W .,  Synthetische  Versuche  in  der  Hexamethylenreihe  (pp. 
I34I*I344)-  Tiemann,  F.,  und  Semmler,  F.  W.,  Uebe  Pinen  (pp.  1344-1354).  Nietzki 
R->  Beitrage  zur  Constitution  der  Safranine  (pp.  1354-1357).  Nietzki,  R.,  Ueber 
Fluorindine  (pp.  1357-1361).  Scholl ,  R.,  und  Born,  G.,  Ueber  die  Einvvirkung  von 

Stickstofftetroxyd  auf  Ketoxime  (pp.  1361-1368).  Scholtz ,  M.,  Ueber  den  Aldehyd  der 
Piperinsaure  (pp.  1368-1369). 

Band  li.  Nos.  10,  11.  Journal  fur  praktische  Chemie.  (6th  May,  1895.) 

Stoehr,  C.,  Ueber  Pyrazine  und  Piperazine  IV.  (pp.  449-477).  Claus,  Ad.,  und  Caroselli, 
A.,  Ortho-para-Dibromchinolin  (pp.  477-490).  Claus,  Ad.,  und  Wolf,  F.,  Ortho-ana- 
dibromchinolin  (pp.  490-498).  Filete,  M.,  und  Ponzio,  G.,  Umwandlung  der  ketone  in 
a-Diketone  (pp.  498-510).  Niementouski,  M.  von,  Derivate  des  m-Methyl-o-Uramido- 
benzoyls  (pp.  510-517).  Otto,  R.,  und  Millile,  K.,  Beitrag  zur  Frage  der  Analogie  im 
Verhalten  von  Halogenalkylen  gegen  Natrium  und  ahnlich  wirkende  Metalle  einerseits 
und  Mercaptide  andererseits  (pp.  517-522).  Rothenburg,  R.  v.,  Zur  Constitutionsfrage 
der  n-Phenylpyrazolone  (pp.  522-526).  Haeussei'mann ,  C.,  und  Teichmann,  H.,  Zur 
Kenntniss  der  Diamidobenzoesauren  (pp.  526-528).  Walther,  R.,  Ueber  die  Constitution 
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der  Diazobenzolverbindungen  (pp.  528-532).  Himmelbauer ,  R.,  Zur  Kenntniss  der 

Pyrazolonderivate  (p.  532). 

Band  xvi.  Heft  3.  Monatshefte  fiir  Chemie  und  V erwandte  Theile  A nderer 

Wissmschaften.  (March,  1895.) 

Brunner,  K.,  Eine  neue  Beldungsweise  des  Pr.  2,  3-Dimethylindols  (pp.  183-190).  Haiser ,  F., 
Zur  Kenntniss  des  Inosinsaure  (pp.  190-207).  Knoll,  R.  J.,  und  Cohn ,  P.,  Ueber  o- 
Bromphenylnaphtylketon  (pp.  207-211).  Lieben,  Ad..,  Ueber  Reduction  der  Kohlensaure 
bei  gewohnlicher  Temperatur  (pp.  211-248).  Oettinger,  K.,  Ueber  die  Umwandlung  des 
Triamidophenols  in  1,  2,  3,  5-Phentetrol  (pp.  248-260).  Oettinger ,  K.,  Zur  Kenntniss  der 
Acetylproducte  des  Triamidophenols  (pp.  260-265). 

Band  xvi.  Heft  4.  (April,  1895.) 

Cohn,  P.,  Zur  Kenntniss  des  o-Phenobenzylamins  und  des  Cyclophenylenbenzylidenoxyds 
(pp.  267-283).  Welbel,  B.,  und  Zeisel ,  S.,  Ueber  die  Condensation  von  Furfurol  mit 
Phloroglucin  und  eine  auf  diese  gegrtindete  Methode  der  quantitativen  Bestimmung  des 
f  urfurols  aus  Pentosen  und  Pentosanen  I.  (pp.  283-312).  Herzig,  /..  Studien  ueber 
Quercitin  und  seine  Derivate  XI.  (pp.  312-321).  Konek,  F.  v.,  Ueber  Hydrirungsversuche 
mit  Cinchonin  (pp.  321-333).  Kohn,  E.,  Einige  Derivate  der  Galaktonsaure  (pp.  333- 
343)- 

Band  ix.  Heft  1.  Zeitschrift  fiir  Anorganische  Chemie.  (25th  May,  1895.) 

Berthelot,  Ueber  das  Fluoreszenzspektrum  des  Argons  und  ueber  seine  Beziehungen  zum 
Nordlicht  (pp.  4-6).  Straus,  P.,  Beitrag  zur  Kenntnis  der  Kupfer  und  Mangancyanide 
(pp.  6-19).  Pratt,  /.  H. ,  Ueber  Doppelhalogen-verbindungen  von  Casium,  Rubidium, 
Natrium  und  Lithium  mit  Thallium  (pp.  19-29).  Arctowski,  H.,  Ueber  die  Fliichtigkeit 
des  Chromsaureanhydrides  (29-31).  Roessler,  F.,  Synthese  einiger  Erzmineralien  und 
analoger  Metallverbindungen  durch  Auflisen  und  Kyrstalliscerenlassen  derselben  in 
geschmolzenen  Metallen  (pp.  31-78).  Engels,  C. ,  Vorlaufige  Mitteilung  (pp.  78-79). 

Band  xvi.  Heft  4.  Zeitschrift  fur  Physikalische  Chemie.  (30th  April,  1895.) 

Retgei's  J.  W:,  Beitrage  zur  Kenntniss  des  Isomorphismus.  XI.  (pp.  577-659).  Zepernick , 
K.,  und  Tammann ,  G.,  Ueber  die  Volumina  einiger  wasseriger  Salzlosungen  zwischen 
100  and  150°  (pp.  659-671).  Rimbach,  E.,  Dissociation  und  optische  Drehung  aktiver 
Salzlosungen  (pp.  671-677).  Luggin ,  H.,  Ueber  die  Kapillarelektrisheni  Erscheinunglen 
(pp.  677-708).  Trubsbach ,  P.  A.,  Die  Affinitatsgrossen  der  Ure'ide  und  Isonitroso- 

derivate  (pp.  708-729).  Bodldnder,  G.,  Ueber  die  Loslichkeit  einiger  Stoffe  in  Gemischen 
von  Wasser  und  Alkohol  (pp.  729-731).  Knietsch,  R.,  Die  kritische  Temperatur  als 
Kriterium  der  Chemischen  Reinheit  (pp.  731-746). 

Band  xvii.  Heft  1.  (28th  May,  1895.) 

Hoitsema,  C.,  Palladium  und  Wasserstoff  (pp.  1-43).  Natanson,  L.,  Ueber  die  kritische 
Temperatur  des  Wasserstoffes  (pp.  43-49).  Van  T  Hoff,  J.  H.,  Goldschmidt,  H.,  und 
Jorissen,  W.  P.,  Ueber  die  Spaltung  der  Traubensaure  und  das  Racemat  von  Scacchi 
(pp.  49-62).  Coggeshall,  G.  W.,  Ueber  die  Konstanz  der  Kalomel-Elektrode  (pp.  62-87). 
Morley ,  E.  W.,  Ueber  das  Verhaltnis  des  Atomgewichtes  von  Wasserstoff  und  Sauerstoff 
(pp.  87-107).  Beckmann,  E.,  und  Stock,  A.,  Beitrage  zur  Bestimmung  von  Molekular- 
grossen.  II.  pp.  (107-136).  Andrews,  L.  N.,  und  Eride ,  C.,  Eine  Studie  der  physikal- 
ischen  Eigenschaften  von  Chlorlithiumlosungen  in  Amylakohol  (pp.  136-145).  Goldschmidt, 
H .,  Die  molekulare  Loslichkeitserhohung.  I.  (pp.  145-164).  Hedin,  S.  G.,  Ueber  die 
Bestimmung  isosmotischer  Konzentrationen  durch  Zentrifugieren  von  Blutmischungen 
(pp.  164-171).  Bakker,  G.,  Zusammenhang  zwischen  den  Gesetzen  von  Mariotte,  Gay- 
Lussac  und  Joule.  II.  (pp.  171-191). 

Anno  xxv.  Vol.  1.  Fascicolo  4.  Gazetta  Chimica  Italiana.  (4th  May,  1895.) 

Filete,  M .,  e  Ponzio,  G.,  Trasformazione  dei  chetoni  in  a-dichetoni  (pp.  233-245).  Jaubert,  G. 
F.,  Ricerche  sull  acido  naftalico  (1.8  naftalin-dicarbonico)  e  suoi  derivate  (pp.  245-255). 
Marino-Zuco,  F.,  Sulla  crisantemina  (pp.  255-262).  Marino-Zuco,  F.,  e  Vignolo,  G. , 


XLIV 


SCIENCE  PROGRESS. 


Sopra  gli  alcaloidi  della  cannabis  indica  e  della  cannabis  sativa  (pp.  262-269).  Tarugi, 
N-  >  Piepaiazione  pratica  dell  acido  tioacetico  e  suo  uso  in  tossicologia  (pp,  (269-274), 
Rayleigh ,  e  Ramsay,  W. ,  LArgo,  nuovo  componente  dell  ’atmosfera  (traduzione  fatta 
col  consenso  degli  auton  da  Naseni  R. )  (pp.  274-310).  Scacchi,  E.,  Studio  cristallografico 
di  alcuni  acidi  fenilnitro-cinnamici  (C15H11NO4)  e  loro  derivati  (pp.  310-327).  Oddo,  G., 
Sulla  massiraa  temperatura  di  formazione  e  la  temperatura  di  decomposizione  di  alcuni 
cloruri  di  diazocomposti  della  serie  aromatica  (pp.  327-339). 


APPENDIX  I. 


NOTICES  OF  BOOKS. 

Agriculture,  Practical  and  Scientific.  By  James  Muir,  M.R.A.C.,  Professor  of  Agriculture 
in  the  Yorkshire  College,  Leeds.  London  :  Macmillan  &  Co.,  1895. 

Anything  which  will  give  the  farmer  a  better  chance  of  making  agriculture  profitable  will 
always  receive  a  warm  welcome  in  England,  and  certainly  one  of  the  most  promising  signs  of 
the  times  is  the  increasing  tendency  to  study  the  scientific  principles  underlying  the  ordinary 
operations  of  the  farm. 

Unfortunately  a  considerable  period  must  elapse  before  such  study  becomes  general,  for 
the  average  farmer,  besides  having  little  time  to  devote  to  reading  scientific  books,  as  a  rule 
possesses  so  little  knowledge  of  the  elementary  principles  involved  that  he  would  find  it  difficult 
to  make  much  progress  unless  he  were  fortunate  enough  to  be  able  to  obtain  help  from  some 
one  more  familiar  with  scientific  subjects. 

In  the  future,  when,  it  may  be  hoped,  scientific  and  technical  education  will  be  more 
general,  students  of  agriculture  will  undoubtedly  be  in  a  better  position  to  make  the  best  of 
things  and  will  be  able  to  call  to  their  aid  processes  of  which  their  predecessors  of  to-day  know 
nothing. 

It  is  to  the  younger  generation  of  agriculturists  that  we  must  look  for  progress,  and  it  is 
to  these  that  Professor  Muir’s  book  will  be  especially  useful,  for  to  anybody  armed  with  a  slight 
but  accurate  knowledge  of  science,  the  clear  and  methodical  treatment  of  the  various  heads  of 
the  subject  must  be  of  immense  help.  The  first  chapters  are  devoted  to  a  consideration  of  the 
plant,  the  soil  and  its  formation  and  the  classification  of  soils,  the  plant  food  in  the  soil,  and 
the  soil’s  losses  and  gains.  Then  follows  a  chapter  on  the  British  geological  formations  and 
their  agricultural  characteristics,  and  next  is  treated  the  subject  of  improvement  of  the  soil  by 
drainage,  irrigation,  mixing  soils,  and  liming.  Manuring  is  treated  in  five  chapters.  One 
chapter  is  devoted  to  implements  and  machinery,  and  the  next  ten  or  twelve  chapters  are 
devoted  to  the  subject  of  crops  and  cropping,  most  of  the  crops  being  treated  at  some  length, 
and  information  given  as  to  the  varieties  usually  grown.  Directions  are  also  given  for  the 
preparation  of  the  seed-bed  most  suitable  for  each  plant,  and  the  treatment  necessary  to  bring 
the  crop  to  perfection  is  described  at  some  length.  Finally  some  pages  are  devoted  to  the 
diseases  and  insect  pests  attacking  crops,  and  the  best  means  of  dealing  with  these. 

Altogether  the  descriptions  are  full  and  lucid  and  much  valuable  information  is  to  be 
gained  by  a  study  of  the  book.  The  illustrations  and  general  get-up  are  excellent. 

Lessons  in  Elementary  Physics.  By  Balfour  Stewart,  M.A.,  LL.D. ,  F.  R.S.  New  and 

enlarged  edition.  London:  Macmillan  &  Co. ,  1895. 

The  appearance  of  the  present  (the  fourth)  edition  of  this  familiar  and  ever  useful  text-book 
makes  one  glance  back  at  the  period  which  has  elapsed  since  its  first  appearance  in  1870. 
Some  idea  of  the  favour  with  which  it  was  received  may  be  gathered  from  the  fact  that  the  first 
edition  was  reprinted  in  1871,  1873,  1874,  1875,  and  1877.  The  second  edition  appeared  in 
1878,  and  was  reprinted  1879,  1880,  1881,  1882,  1883,  January  and  November,  1884,  1885, 
1886,  1887,  and  January,  1888.  The  third  edition  appeared  in  June,  1888,  and  was  reprinted 
in  1891,  and  the  fourth  and  present  edition  has  just  been  published.  Successive  editions  have 
in  turn  been  improved  and  enlarged,  and  at  present  the  book  is  one  which  students  would  be 
sorry  to  be  without.  All  beginners  in  Physics  should  be  grateful  to  Mr.  W.  W.  Haldane  Gee 
for  the  trouble  he  has  taken  in  bringing  the  present  edition  up  to  date. 

The  Natural  History  of  Aquatic  Insects.  By  Professor  L.  C.  Miall,  F.  R.  S.  London  : 

Macmillan  &  Co.,  1895. 

One  of  the  greatest  evils  of  modern  specialism  in  science  is  the  increasing  disinclination 
on  the  part  of  animal  morphologists  and  botanists  to  study  the  forms  with  which  they  are 
concerned  in  the  living  state  and  in  the  open  air.  Perhaps  the  argument  made  use  of  is  that 
the  functions  of  the  organisms,  and  their  manner  of  life,  concern  more  the  physiologist  than 
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the  morphologist,  and  that  the  morphologist  has  more  than  enough  to  do  in  studying  the 
details  of  structure  in  the  laboratory. 

True  as  this  may  be  it  is  much  to  be  regretted  that  many  of  the  younger  students  of 
morphological  science  are  wofully  ignorant  of  out-of-door  life,  and  seem  to  be  almost  entirely 
devoid  of  that  love  of  nature  which  was  a  characteristic  feature  of  the  older  naturalists. 

Professor  Miall’s  book  on  the  Natural  History  of  Aquatic  Insects  is  written  in  such  a 
manner  as  to  appeal  to  all  naturalists,  and  more  especially  to  young  naturalists.  It  will  lead 
them  on  through  pleasant  paths,  and  by  enjoyable  lessons  will  teach  them  much  that  is  worth 
knowing  with  regard  to  the  habits  and  structure  of  the  members  of  one  of  the  most  interesting 
assemblages  of  living  beings.  In  addition  to  lucid  and  accurate  descriptions  there  are  pro¬ 
vided  numerous  admirably  drawn  figures,  in  some  cases  taken  from  the  works  of  the  older 
naturalists  but  many  of  them  drawn  directly  from  the  actual  insects.  Certainly  the  author 
ought  to  succeed  in  his  endeavour  to  “  revive  an  interest  in  the  writings  of  certain  old  zoologists 
— Swammerdam,  Reaumur,  Lyonnet,  and  De  Geer — who  are  at  present  unjustly  neglected  ”. 
We  can  thoroughly  recommend  the  book. 
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Vol.  1.  No.  295.  American  Journal  of  Science.  (July,  1895.) 

Wells,  H.  L.,  Compounds  containing  Lead  and  extra  Iodine  (pp.  21-27).  Gooch,  F.  A.,  and 
Fairbanks,  C.,  Estimation  of  the  Halogens  in  Mixed  Silver  Salts  (pp.  27-33).  Gooch, 
F.  A.,  and  Clemons,  C.  F. ,  Determination  of  Selenious  Acid  by  Potassium  Permanganate 

(PP-  51-55)- 

Vol.  xvii.  No.  7.  American  Chemical  Journal.  (July,  1895.) 

Edwards,  W.  F.,  Some  Notes  on  Molecular  and  Atomic  Refraction  (pp.  473-507).  Hite , 
H.  B.,  A  New  Apparatus  for  Determining  Molecular  Weights  by  the  Boiling-point 
Method  (pp.  507-517).  Orndorff \  W.  A.,  and  Cameron,  F.  K.,  A  New  Apparatus  for 
the  Determination  of  Molecular  Weights  by  the  Boiling-point  Method  (pp.  5I7_532)- 
Seldner,  R. ,  Glutarimide  (pp.  532-535).  De  Chalmot,  G. ,  On  the  Oxidation  of  Complex 
Carbohydrates  (pp.  535-539).  Jones,  H.  C.,  On  the  Determination  of  Formic  Acid  by 
Titration  with  Potassium  Permanganate  (pp.  539-541). 

Vol.  xx.  No.  232.  The  Analyst.  (July,  1895.) 

Hehner  and  Mitchell ,  A  New  Thermal  Method  for  the  Examination  of  Oils  (pp.  146-152) 
Bevan,  E.  /.,  The  Use  of  Formalin  as  a  Preservative  of  Milk  Samples  (pp.  1 52-154). 
Richmond  and  Boseley ,  Note  on  the  Detection  of  Formalin  (pp.  154-157).  Rideal,  S.,  On 
Formalin  as  a  Milk- Preservative  (pp.  157-159).  Young,  W.  C.,  A  Comparison  of  the 
Organic  Carbon  and  Nitrogen  Results  obtained  by  Dr.  Frankland  and  the  Companies’ 
Analysts  from  the  Waters  supplied  by  the  Metropolitan  Water  Companies  (pp.  159-164). 

Vol.  lxvii.  No.  392.  Journal  of  the  Chemical  Society.  (July,  1895.) 

Brauner,  B.,  On  the  Atomic  Weight  of  Tellurium  (pp.  549-552).  Rose,  T.  K.,  Note  on 
Liquation  in  Crystalline  Standard  Gold  (pp.  552-556).  Dixon ,  A.  E.,  Substitution- 
derivatives  of  Urea  and  Thiourea  (pp.  556-565).  Dixon ,  A.  E.,  and  Doran ,  R.  E., 
Derivatives  of  Succinyl  and  Phthalyl  Dithiocarbimides  (pp.  565-576).  Walker,  J. ,  and 
Aston,  E.,  Affinity  of  Weak  Bases  (pp.  576-58 7).  Sudborough,  /.  /.,  Diortho-substituted 
Benzoic  Acids.  I.  Substituted  Benzoyl  Chlorides  (pp.  587-601).  Sudborough,  J.  J., 
Diortho-substituted  Benzoic  Acids.  II.  Hydrolysis  of  Aromatic  Nitriles  and  Acid-amides 
(pp.  601-604).  Sudbo? ough,  J.  J.,  Note  on  the  Action  of  Sodium  Ethoxide  on  Deoxy- 
benzoin  (pp.  604-606).  Ingle ,  H. ,  and  Mann,  H.  H.,  Stereoisomeric  Osazones.  I.  (pp. 
606-616).  Purdie,  T.,  and  Walker,  J.  W.,  Preparation  of  the  Active  Lactic  Acids  and 
the  Rotation  of  their  Metallic  Salts  in  Solution  (pp.  616-640).  HerzJ elder,  A.,  The  Inter¬ 
action  of  Sulphur  and  a-Nitronaphthalene  (pp.  640-644).  Perkin,  A.  G.,  and  Pate,  L., 
Acid  Compounds  of  some  Natural  Yellow  Colouring  Matters  (pp.  644-653).  Chattaway, 
F.  D.,  j3j3-Naphthyl  and  its  Quinones  (pp.  653-664).  Pickering,  S.  U.,  A  Comparison  of 
some  Properties  of  Acetic  Acid  and  its  Chloro-  and  Bromo-derivatives  (pp.  664-684). 
Ramsay ,  W. ,  Collie,  J.  N.,  and  Travers,  M.  W.,  Helium,  a  Constituent  of  Certain 

Minerals  (pp.  684-701). 

Vol.  xiv.  No.  6.  Journal  of  the  Society  of  Chemical  Industry.  (29th  June,  1895.) 

Hart,  P.,  On  the  Treatment  of  Zinc  Ores  and  Complex  Ores  containing  Zinc  (pp.  544-546). 
Irwin,  W.,  The  Chemical  Constitution  of  Gas  Enrichers,  and  its  Relation  to  their  En¬ 
riching  Value  (pp.  546-551).  Gerland,  B.  W.,  On  Kuhlmann  s  Balances  with  Minor 
reading  (pp.  SSJ-SS2).  O'  Sullivan,  J.,  Note  on  the  Hydrolysis  and  Estimation  of  Su&ar 
(pp.  555-556).  Schiipphaus ,  R.  C. ,  The  Evolution  of  Smokeless  Powdei  (pp.  55^  559 )• 
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Vol.  xl.  No.  242.  Philosophical  Magazine  and  Journal  of  Science.  (July,  1895.) 

Sutherland ,  W .,  The  Fundamental  Atomic  Laws  of  Thermochemistry  (pp.  1-56).  Herroun , 
E.  F.,  On  the  Use  of  an  Iodine  Voltameter  for  the  Measurement  of  Small  Currents  (pp. 
91-95).  Wilder  mann,  M.,  Experimental  Proof  of  Van’t  Hoffs  Constant,  of  Arrhenius’s 
Generalisation,  and  of  Ostwald’s  Law  of  Dilution  in  very  Dilute  Solutions  (pp.  119-144). 

1  ome  v.  Annales  de  Chiinie  et  de  Physique.  (July,  1895.) 

Curie,  P.,  Propri6t6s  magndtiques  des  corps  a  diverses  temperatures  (pp.  289-405).  De 
For crand,  Recherches  thermochimiques  sur  l’acide  6thylac6tylac6tique  (pp.  405-418).  . 
Neyj eneuf \  Recherches  sur  les  tuyaux  sonores  (pp.  418-429).  Berthelot  et  Andrb,  G.,  Sur 
la  presence  de  l'alumine  dans  les  plantes  et  sur  sa  repartition  (pp.  429-432). 

lomes  xiii.-xiv.  No.  12.  Bulletin  de  la  Societe  Chimique  de  Paris. 

(20th  June,  1895.) 

Bordas,  £.,  et  Girard  C.,  Procede  chimique  depuration  des  eaux  (667-668).  Burcker,  E., 
Dosage  des  acides  dans  les  vins  (pp.  644-647).  Causse,  H.,  Dosage  de  l’azote  organique 
par  le  procede  de  Kjeldahl,  en  l’absence  des  nitrates  (pp.  636-642).  Dastre,  A.,  Trans¬ 
formation  de  la  fibiine  par  1  action  prolonghe  des  solutions  salines  faibles  (pp.  665-666). 
De  Forcrand,  Sur  les  alcoolates  de  chaux  et  de  baryte  (pp.  657-659).  Gdrard ,  £.,  Sur 
1  acide  daturique  (pp.  663-664).  Jay ,  H.,  Sur  l’acidite  volatile  des  vins  (pp.  642-644).  Le 
Chatelier ,  H.,  Sur  la  chaleur  de  formation  de  quelques  composes  du  fer  (pp.  647-649). 
Lespieau,  K.,  Sur  quelques  derives  des  bromures  en  C3  (pp.  629-632).  Livache ,  A.,  Sur 
la  siccativite  des  matieres  grasses  en  general  et  leur  transformation  en  produits  elastiques 
analogues  a  la  linoxine  (pp.  671-672).  Pagnoul ,  Recherches  sur  l'azote  assimilable  et  sur 
ses  transformations  dans  la  terre  arable  (pp.  668-671).  Rabaut,  C.,  Sur  la  benzinesulfo- 
orthotoluidine  et  quelques  derives  (pp.  633-636).  Richard ,  Sur  les  gaz  de  la  vessie 

natatoire  des  poissons  (pp.  666-667).  Rivals,  P.,  Sur  le  polymere  cristallise  de  1’aldehyde 
monochloree  (p.  663).  Rivals,  P.,  Sur  les  aldehydes  chlorees  (pp.  661-663).  Rivals,  P. , 
Sur  les  chlorures  acides  et  les  aldehydes  chlorees  (pp.  660-661).  Ruizand,  L. ,  Sur  deux 
reactions  pratiques  permettant  de  differencier  le  lactose  du  glucose  (p.  665).  ScMitzenberger, 
P.,  Recherches  sur  les  metaux  de  la  cerite  (pp.  649-657). 

Tome  xiii.-xiv.  '  No.  13.  (July  5th,  1895.) 

Berlemont,  G.,  Noveau  tube  a  distillations  fractionnees  modifie  par  M.  Lebel  (pp.  674-675). 
Varet,  R.,  Nouvelles  recherches  sur  les  chaleurs  de  combinaison  du  mercure  avec  les 
elements  (pp.  675-677).  Varet,  R.,  Sur  les  transformations  isomeriques  des  sels  de  mer- 
cuie  (pp.  677-678).  Dupasquier ,  J.,  Procede  de  separation  de  la  chaux  d’avec  la  stron- 
tiane  ou  la  baryte  (pp.  678-681).  Brochet,  A.,  Action  des  halogenes  sur  l’alcool  methv- 
lique  (pp.  681-689).  Trillat,  A.,  Preparation  des  amines  de  la  s6rie  grasse  (pp.  689-692). 
Georges,  Recherche  de  1  alunage  des  vins  (692-696).  Dupont,  J.,  Sur  l’existence  d’une 
matieie  sulfuiee  dans  1  huile  de  coton  (pp.  696-697).  Joffre ,  /.,  Note  sur  l’emploi  des 
supei  phosphates  (pp.  698-703).  Halphen,  G.,  Expose  de  quelques  points  relatifs  a 
l'analyse  de  corps  gras  (pp.  703-745). 

Tome  cxx.  No.  23*  Comptes  Rendus  hebdomadaives  de  VAcademie  des  Sciences. 

(10th  June,  1895.) 

Deslandi es,  H .,  litude  spectrale  des  charbons  du  four  eiectrique  (pp.  1259-1260).  Villard, 
P‘,  Proprietes  physiques  de  l’acdtylene  ;  hydrate  d’ac6tyl<bne  (pp.  1262-1265).  Henry, 
L.,  Formation  synthetique  d’alcools  nitres  (pp.  1265-1269).  Barbier  P.,  et  Bouveault,  L., 
Condensation  des  aldehydes  et  des  acetones  saturees  (pp.  1269-1272).  Caseneuve,  P.,  et 
Had  don,  Sui  les  causes  de  la  coloration  et  de  la  coagulation  du  lait  par  la  chaleur  (pp. 
1272-1274).  Guye,  Ph.  A.,  et  Jordan,  C.,  Ethers  des  acides  a-oxybutyriques  actifs 
(pp.  1274-1276).  Battandier ,  Sur  1  histoire  des  alcaloides  des  Fumariacees  et  Papaveracees 
(p.  1276).  Schloesing,  T.,Jils ,  Contribution  a  l’etude  de  la  germination  (pp.  1278-1281). 
EJJront,  Sur  l’amylase  (pp.  1281-1283). 

Tome  cxx.  No.  24.  (17th  June,  1895.) 

Janssen,  Note  sur  la  loi  d  absorption  des  bandes  du  spectre  de  l’oxygene  (pp.  1306-1310) 
Berthelot ,  Sur  la  combinaison  de  l’azote  libre  avec  les  dldments  du  sulfure  de  carbone  (pp. 
I3I5'1^)-  Berthelot,  Nouvelle  combinaison  de  l’argon  ;  synthese  et  analyse  (pp.  1316- 
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1320).  Moissan,  H.,  Preparation  et  propriety  du  molybdenc  pur  fondu  (pp.  1320-1326). 
Haller ,  A.,  Action  de  l’isocyanate  de  phdnyle  sur  les  acides  campholiques,  carboxyl- 
campholique  et  phtalique  (pp.  1326-1329).  Recoura ,  A.,  Sur  les  transformations  mold- 
culaires  de  l’hydrate  chromique  (pp.  1335-1338).  Tassilly ,  Sur  quelques  combinaisons 
halogendes  basiques  des  mdtaux  alcalinoterreux  (pp.  1338-1341).  Joly ,  A.,  et  Leidie ,  E., 
Action  de  la  chaleur  sur  les  azotites  doubles  alcalins  des  metaux  du  groupe  du  platine, 
composes  de  1'iridium  (pp.  1341-1343).  Hallopeau ,  L.  A.,  Sur  les  tungstates  acides 
ammoniaco— sodiques  (pp.  1343-1345).  Guye,  Ph.  A.,  et  Amaral,  M.  A.  P.,  Pouvoirs 
rotatoires  de  quelques  derives  amyliques  a  l’etat  liquide  et  a  l’etat  de  vapeur  (pp.  1345-1348. 
Pickering,  J.  IV.,  Sur  les  colloides  de  synthese  et  la  coagulation  (pp.  1348-1351). 

Tome  cxx.  No.  25.  (24th  June,  1895.) 

Bertheloto ,  Nouvelles  etudes  sur  la  fluorescence  de  l’argon  et  sur  sa  combinaison  avec  les 
elements  de  la  benzine  (pp.  1386-1390).  Berthelot  et  Rivals ,  Sur  les  lactones  ou  olides 
camphoieniques  (pp.  1390-1392).  Berthelot,  Sur  les  chaleurs  de  dissolution  et  de 
neutralisation  des  acides  camphoieniques  (pp.  1392-1393).  Moissan,  H.,  Reduction  de  la 
silice  par  le  char  bon  (pp.  1393-1394).  Friedel ,  C.,  Sur  les  produits  de  condensation  de 
1’ aldehyde  valdrique  (methyl-2  butanal-4)  ;  observations  relatives  a  la  Note  de  MM. 
Barbier  et  Bouveault  (p.  1394).  Manuvrier ,  G.,  Sur  la  determination  du  rapport  des 
deux  chaleurs  spedfiques  de  lair  (pp.  1398-1402).  Villard,  P.,  et  /any,  R,  Proprietes  de 
l’acide  carbonique  solide  (pp.  1413-1416).  Colson,  A.,  Sur  la  formule  de  M.  Guye  (pp. 
1416-1417).  Bouchardat  et  Tardy,  Sur  les  alcools  derives  d’un  tdrdbenthene  droit, 
1  eucalyptene  (pp.  1417-1740).  Barbier P..  et  Bouvea^dt,  L.,  Condensation  des  aldehydes  non 
saturdes  de  la  sdrie  grasse  avec  la  dimdthylcdtone  ;  synthese  d’hydrocarbures  aromatiques 
(pp.  1420-1425).  Perrier,  G.,  Combinaisons  doubles  des  nitriles  appartenant  a  la  sdrie 
grasse  et  a  la  sdrie  aromatique  avec  le  chlorure  d’aluminium  (pp.  1423-1426). 

Tome  cxxi.  No.  1.  (1st  July,  1895.) 

Haller,  A,  Sur  les  produits  d’oxydation  du  benzylidencamphre  et  du  benzyl-camphre. 
Nitrosate  ou  nitronitrite  de  benzylidenecamphre  (pp.  35-39).  Hallopeau,  L.  A.,  Sur 
l’acide  paratungstique  (pp.  61-63).  Lasne,  H.,  Sur  le  dosage  de  l’alumine  dans  les 
phosphates  (pp.  63-66).  De  Forcrand,  Sur  l’amidure  de  sodium  (pp.  66-69).  Cavalier,  J., 
Sur  les  ethers  phosphoriques  de  l’alcool  allylique.  Acide  allylphosphorique  (pp.  69-71). 
Guinchant,  J.,  Preparation  de  nouveaux  ethers  cyanomethiniques  (pp.  71-74). 

15®  Annee.  Tome  1.  No  12.  Journal  de  Pharmacia  et  de  Chimie. 

(15th  Juin,  1895.) 

Cazeneuve,  P.,  et  Hugounenq,  Sur  la  composition  du  vin  de  Samos  (pp.  585-586).  Deniges ,  G., 
Sur  la  recherche  de  l’acide  tartrique  a  l’aide  de  la  rdsorcine  (pp.  586-590).  Carles,  P., 
Du  degrd  de  liqueur  des  vins  (pp.  590-593).  Py ,  Cacao  et  chocolat  (pp.  593-601). 
Gdrard,  E.,  Sur  les  cholestdrines  de  cryptogames  (pp.  601-608).  Ramsay,  Sur  l’argon  et 
l’heiium  (pp.  608-609).  Moissan,  H.,  Action  du  fluor  sur  l’argon  (pp.  609-610). 

15®  Annee.  Tome  ii.  No.  1.  (1st  Juillet,  1895.) 

Tanret,  Sur  les  modifications  moieculaires  du  glucose  (pp.  5-11).  Mercier,  Nouvel  urdometre 
(pp.  11-15).  Grandral,  A.,  et  Lajonx,  H.,  Sendcionine  et  sdndcine,  nouveaux  alcaloides 
retirds  du  “  Senecio  vulgaris  ”  (pp.  15-20).  Benoit,  Alteration  d’une  eau,  due  au  ddvelop- 
pement  de  differentes  algues  (pp.  20-22).  Georges,  Recherche  de  l’alunage  des  vins  (pp. 
22-26).  Cari-Manirand,  Sur  l’emploi  du  chlorure  de  carbone  comme  agent  de  separation 
du  methylene  de  l’alcool  dthylique  (pp.  26-30). 

Tome  xiv.  No.  1.  Recueil  des  Travaux  Chimiques  des  Pay-Bas. 

Van  Ej'p,  H.,  Sur  les  nitramines  aliphatiques  (pp.  1-55). 

Tome  xiv.  No.  2. 

Ekker,  E.  H.,  Sur  la  formation  de  l’hydrosulfite  de  sodium  par  le  courant  eiectrique  (pp.  57-65). 
Van  Romburgh,  P. ,  Sur  quelques  combinaisons  du  trinitrobenzene  symetrique  (pp.  65-71). 
Holleman,  A.  F.,  Sur  la  decomposition  spontande  de  l’acide  thiosulfurique  (pp.  71-82), 
Lobry  de  Bj'uyn,  C.  A.,  Preparation  de  l’hydrate  d’hydrazine  (pp.  82-85).  Lobry  de  Bruyn , 
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C.  A.,  Sur  l'hydrate  d’hydrazine  (pp.  85-89).  Lobry  de  Bruyn ,  C.  A .,  Le  sod  urn  et  les 
alcalis  caustiques  par  rapport  a  quelques  substances  polynitrdes  (pp.  89-98).  Lobry  de 
Bruyn ,  C.  A.,  Influence  du  groupe  mdthyle  sur  les  propri6t6s  des  groupes  nitro  (pp.  95-98). 
Lob)y  de  Bruyn ,  C.  A. ,  D6rivd  ammoniacal  de  la  d-glucose  (pp.  98-106).  Van  Dijken ,  B., 
Etude  comparative  de  la  vitesse  de  saponification  de  quelques  dthers  composes  par  l’acide 
chlorhydrique  et  par  la  potasse  caustique  (pp.  106-120). 

Band  cclxxxvi.  Heft  3.  Justus  Liebig's  Annahn  der  Chemie.  (18th  June,  1895.) 

Einhorn ,  A.,  und  Lumsden,  J.  S.,  Ueber  die  Reduction  der  Phenolcarbonsauren  (pp.  257-278). 
Tromp  de  Haas,  R.  W.,  und  Tollens ,  B.,  Untersuchungen  ueber  Pectinstoffe  (pp.  278-292). 
Tollens ,  B.,  Ueber  die  Constitution  der  Pectinstoffe  (pp.  292-296).  Tromp  de  Haas 
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